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New Peptidic C^steme Protease Inhibitors Derived frotn the Electrophilic 
oi'Amino Acid Aa5iridinc-2,3-dicarboxyli Acid 

D^partmmx of Pharmaceutical Chemiairy, Phormacvuiuicil JmftUuie* Alhert'Ludwygs-University of Freiburg, 
Hermaitn-Herder-Stnissc 9, Fr^ibur^, G&ntutny 

Received October ^5, J99$ 

Thre& different types of peptides oonfiairdn^ aziridinQ-2,3-dicarboxylic add (AsEi) as an 
electrophilic a-amino add at dififbr^t positions within the peptide chain {type I, N'^cyl^ted 
asdridinea v/ith J^i as C-teiminal amino acid; typo n> N-uii substituted ajKiridinea with Azi as 
N-tertniual amii^o acid; type IU» N-ai^latod. biepeptidyl derivatives of Azi) have been synthesized 
and tested as inhibitorf; of the f v^ine prnteases papain, ca thepaana B, and H» and calpaina 
I and II, ad well as against several serine proteasej?, one^ aspartate, and one metalloprotease. 
All aziridinyl peptides are specific cyfit^ine protease inhibitors. Papaiia and cathepaina and 
L are inhibited irreversibly, wiievieaa <:atihepsin H and calpaina ste inhibited in a non-time- 
dependent manner. Some Compounds turned out to be fiubstrates for serine proteasafi and &r 
the metalloprotease thermolysin. Beioarlcabla differences can be observed between the three 
different types of inhibatora concerning stereospecificity, pH dependency of inhibition, selectivity 
between different cysteine protea^e^, and the importance of a free carboxylic add function at 
the aziiidine ring for inhihitiDri. Above all type II inhibitorB, aza analogues of the wait-known 
epoxysuccinyl peptideSj are patent cyatcin© protease inhibitors. With the exception o£ BOC- 
Leu-GIy-C5,S4-i2^)-Azi-(OEt)a (28a-hbX a highly selective and patent eathopsin L inhibitor, 
N-acylated aziridines of type I are weaker inhibitors than type 11 or type HI compound^-^The 
observed re3ult3 can be i^qdoinod by different binding* modes of the i^ree types of inhibitors 
with re^^pect to their orientation in the S- and S'-binding sites of the enzymes. Furthermore, 
the presence of a protonated aziridine N modiQe^s the binding modo of type 11 inbibit.or&. 



Ixntroductiion 

The papain superfamily of cysteine, proteoses indudcK 
a variety of enzymes with closely related amino acid 
$«qaejccos and overall fblding structurbfl:^ Among them 
Tare vaeuolai* ^lant ejiscymes (e.g,, papain),* protoioen 
enzymes^ fe.g.^ cruzipain. ialcipain), and mammalian 
lysosoanal ciithepsin.s^ (e.g., catiepBins iB, L, H) and 
cytf>plasmatic cal pains,*. The monmsalian cyataine pro- 
teases cute involved in a variety of pathological procesHes 
induding dysregulated protein tumo^'er 8ucK as mus- 
cular dystrophy,*' bone resorptiou,' growth and malig- 
nanx7 of tumors,^ and myocardial infarct^ Therefore 
these enzymesi are promising targ>ets fbr the develop- 
ment of inhibitors a(5 therap^uHe agents. 

A nmnb<»r of irreven^bld and seleetivB cystoino pro- 
tease inhibitors havo been devi^pped. Most of them 
exhibit a peptide segment for recognition hy the enzyme 
and an eliectrophiiic building block for reaction vnth the 
cysteine residue of the enzyme*& active site as conunon 
stnieturai feature Extutnplea aire diazomethyl ke- 
tones,'^ fluoromethyl ketone^,^^ acyloxyniethyl ke- 
tones,^ O^acylhydroxamates,^* vinyl sulfonea,^* and 
epoxTsuccinic acid derivatives.^^ With regard to the 
requirements for drugs» the latter are one of the most 
promising inhibitor classes. InacCivatxon of cysteine 
proteases by epa;(y»ucdny2 pep^'de& proceeds ftam a 
aviddophilic opening of th« epoxide ring leading to 
alkylated enzyn\ea,^^ Devalopmaut of th^e infaibitors 
was based on the discoveiy of E-64 (1) {Chart 1) isolated 
from 3ixAspcr:gillusjaponicun culture by Hanada et sL 

iai021/>m98 10612 CCC: $18.00 
Published on 



Cliartl 




4 X=;0 
TaHf X = NH 



1 X=0; Ri*H;R2 = /^ 
E . S4 {HO-(S,S)-Ep5-Ljni^rn) 

<HO-(S, 5>Ep»4- WNHH Am) 

(a) Et•<S.S)'A2!i-UM■N^i^ 
[b} Et-(R.RVAacl-tou^K-iAni 



in 1978*^^ CqU pennoability was improved by replacing 
the agmatine by uncharged alkyl groups and by eeteri- 
fication of tbe carboxylate function, e^g.^ Loxistatin (2) 
(Chart 1),^ Even if tbo esteia are lOO-lOOO times less 
active than the free acids in vitro, they are used as 
prodrugs which are easily resarfied and. subsequently 
hydrolyzed to their active forms, ^ Hiese epoxides have 
been shown to interact in on anti^ubstrate orientation 
with the S-aubsite of papain and cathepsin B*^'' Cysteine 
proteases of the papain superfamily prefer substrates 
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with Plic in the F2'poHition dae to a iiydrophabic 
binding po(^k<?t built up by the amino acids TrpGl, 
Phe207. Pro68, AlalBO, VaTi33, and ValI57 (papain 
huraberijig).^^ EpoxysaccSnyl peptides such as J— 3 
(Chart 1} bind with their Leu residue Into "this hydro- 
phobic binding pocket. Epo^ddes such B6 4 interact with 
the S'-Bubdite of cothepsin B in a &ubBtratc-Iike mode* 
In contrast to ix^hibitors 1—3^ th<^y ar& digx3d£lcaTitQy 
more potent in thd Rfi confisuretion^ and e^adiibit a 
very good oelectivity apaiant cathepsln B.^* Thia s«IeC'^ 
imty raaultB from intfirficUon of the proline carboacylatB 
of 4 with Iwo histidine re^ddues (HiKlIO, Hj&lll) which 
are locutad a-t the occluding loop of cathepain B axxd aro 
responsible for its dip^ptidyl peptidase activity.^^ A 
cbiir eric epoxysucclnyl peptide inhibitor has been pre- 
pared by Morad«r et al.^ by combining the S'-recogni- 
tiom oleinent of c^tthaptiin B (X^u-Pro) with the Inhih- 
itittg pmpeptidfl aequence of cathepsin B (Leu-GIy-Gly, 
sequence portion 46-48 of the propeptide) which spans 
the ^binding pockets in an onti^nbetrate orientation. 
This inhibitor ift the most potent cathepftin B inhibitor 
known SO far and exhibits a very ^ood aoloctivit^ 
betwe*>ti cathepain B and <;athepBm L. 

The thre^-membered aziridine ring is doBdy related 
in $tnii:tura to tha epoxide and i& alao ouBceptibLe to nng 
opening by nudeophiles.^^ Jones et al.^^ have eynthe- 
iSized asd tested the aziridine analognoa 5—7 (Chart 1) 
of th« wellylmown cysteine protease inhibitors EtO-Eps- 
Lw-NHiAm (2), HO-Epe-Lea-NKiAm (S), and ^BuNH- 
Bpa-IlB(Ijeu)-ProOfi {41 Even though these oziridine 
analogues are al^ irreversIhlE inhibitors of the cysteine 
protiiasea papain, cathepain B, and cathcpsin L. re- 
marlcablD difTerencea batweon the epoxideg and tha 
aziridines have been found with r^pect to reactivity, 
selectivity, fitoreoapeciilcity, and pH dopccdency of 
inhibilioiK^ Hecantify k v;^iety of aziridix^ peptides in 
which the Leu r^eisudue of compounda S and 8 hna been, 
replaced by Phe have been patented by Takeda Chem. 
Jnd. aa powerful cathepsin L juihrDitois.^-=^ For these 
inhibitors naturally occuxring^poTcide analojfues> called 
catheatatina, aro knowa^ 

In contrast ^ the epoxide the asdridina ring can 
additionally be derivati^ at ita hoteroatom. 'IhiB afifara 
a greater variability for atrueture— activity studies, 
Chinieric izxhibiiors can not only be built by derivati- 
^at^on of the two carboxylates but also by variatioos at 
the aziridine nitrogen. Even thou^ some N-allsylated 
aziridmy) peptides are described in the above-mentioned 
patftnta''"*'^ and some results concamin^ N-acylated 
derivativoa couid alraady be obtained in the author'a 
laboratoiy^^ this field has yet to be explored ayatemati- 
celly. 

In the present paper, both the syntheses and tho 
iniiibition profiled of peptides containing a!iiridin«-2,3- 
dicarboocylic add as Uie electrophilic a-amino add nt 
difierent positions within thn pt^ptide chain (types I— HI, 
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Chait 2) are described. These are clasisified aocordSng 
to their atructural differencBa: Type I axiridinyl pep- 
tidets contain the aziridine inaiety as the C*terminal 
amino acid- They are aziridinei^ N-acj'latcd with amino 
acidd or peptide^. Type Tl peptiden are aza analo^aaa of 
the Icnown cpo^cytfucdny) peptides and contain the 
a2iridiTie-2,2-dicai'boxyKe acid as the N-tenninal amino 
add. In type III peptides the aziridine is located in the 
middle of the peptide chain. Although type I and m 
peptides are both N-acylatod {uiridinesij expenmental 
results shovr diiTerenoea between these two types which 
support their daaslfication as two different inhibitor 
^ea. The particular peptide moieiieB used for prepara- 
tion of the inhibitors bavo bean fiidected with respect to 
the BubBtraix? upeoificitiea^ of hydroly^ and u> known 
inhibiting sequence(j,23 respectively. 

Preparation of InhibitOfB 

Hxe Syntheses of the compounds were performed as 
depicted in Schemes 1— 5l Stcxeuselectave synthesis of 
CS^ and (Jlfiy6icihyl axiridine-S^S-dicarboxylate 
(10a,b) was carried out according to provioualy^'^ 
described procedures upinff the reversie configured ep- 
oxides (Bfl)Sh and (BJSy-HH, respectively, aa starting 
materials. The latter were prepared from (RfR)- and 
(S^HIiethyl tartrate, respectively .^^-^^ 

HalT-eatora lla^b of the aziridine building blocks wotb 
prepared by alkaiind hydrolysis tnfch 1 cquJv of LiOH 



Received from < 215 851 1429 > at 1018/02 3:04:39 PM [Eastern Daylight Time] 



BEST AVAILABLE COPY - 



Oct-OG-2002 03:15piii Froni-REED SMITH 



27N 



215-851-1429 



T-092 P. 019/037 F-094 



562 Jourtfat ofMcdiauiai Chanisiry, 199$, Vof, 42, No. 4 

R DCC 

B<>=«>-vA 

0 DMAP 
io«,^ ^^^*t>^ i4r^, iea,b 



o 

17a,b 1%' B OEt: R7 => B2l: X BOC 
tSa W-OEi; R=aMB;X32 

2Da Ri = OEt; »i iBu; X - Fmoc 

729,5 R' ^ Ltu-Pro-oSil; K* * ezi; X - bog 

23f|fta Ri^Oftcl:R= = »£liX^B0C 



Schema 4 
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24a R' = Et;R»''KR'''H;R* = 2. 
2S»,b irEl;R»-Bzl; R»=:Mo;R*s='2 

26a'' Ri = et R^ = W*: R* =: 8^1; R*=: BOC 

zymh R^ = Bzl; R' = Me; R^= Bzl; R^ = BOC 

3»fttb R':?8;«;R2=ri;R3=tBu;R* = B0C 



Schemes 



M0OH 



3IM«b 



moDoliydrate ia eth&nol and subsc^quent prot<mation by 
ion exch^nge.^ Peptide cottpliiigat the frea carboxylat© 
fjnction of the aadridijoe lendiiaf^ to the typo II inldbitors 
14a,b and 16a,b could be achievod by the DFPA 
)ndilu>d, whereby N-pror£ction was not necessary.^ Both 
Btepwise and fragment coodensations were carried put 
(Sd^eme 1). 

Rticamic £ran^benzy1ethyl Bziridme-StS^carhaxyiic 
add (I3a+b) was syntbesiied by Mchael type addition 
of diph^nybulfimino to th« corrospomdiiag fumarate 12 
fSchemci 2). Most of the ozMdinyl peptides deriTed from 
aziridinL^ lOa»b were prepared ad single diodtei^cmcrs 
with (a aeried) as wctt as HJi <b series) configured 
Bziiidinc ring. Peptides derived from the rsbceinic anri- 



SQhinjwMitp.r 

dlfic 13a+b (Seheine 2) were synUbcfliaed as diastere- 
OTTifiric: mixtiJi'ciA {^H'b series). 

Acylation of the aziridine nitrcgen with m^iino adds^ 
was cnrriod out via nymmatru: anhydrides, pj^parcd 
from 2 eqiiiv of N-protected anoiDO acid and 1 tjquiv of 
DCC. ujider DMAP catalysis CSchenie 3). Thiw yielded 
the type I compoundfl ITa^b,*^^ l«a,^ 19a,^^ SfOa, and 
23a+b and the type III inhibitors 2iii,b and 22a,b, 

Nitrogen acylation with di- or tripeptidcs could be 
performed by fragment condensation using mixed on- 
hydridee of peptide and isobutyl chlorofonrdate.**' Since 
thia method lead^ to racoTioiKatlon within the peptide 
chaiQj the onopot EEIDQ^ procedure was chosen to 
prepare the type I inhibitora 5Ma, 25a,b, 2Ga, 27a-hb, 
28a+b, er>d (£3cheaio 4). 

A Iree carboxylatc function at the aziridine ring ha3 
been shown Tx> be eseential for inhihition by N-otwub* 
dtiLuted dorivativee.^ To examine the t<^le of a &ee 
carboxylate group for inhibition by N-acylated derive- 
tivef:, selective hydxDly&id of one ester function of the 
N-acylated diethyl etsler 17a by alkaline or enzymatic 
methods was invostigated. For the alkaline procedure 
either 1 e<n?iv ofLiOH/EtOH or 1 cquiv of NaOH/CIV 
CN wati uaed. The enizymatic methods were carried fmt 
ueing the following eaazymca:^^ PLE, cbymotrypsin, 
trypsin, CX^L, PPL, UPE, LEtA, and IAN*. Alkaline 
hydrolyscs and enzymatic procedures with the serine 
hydrolases PLE, ti^sin, and chymotrypsin, rei^c- 
tively, led to pi^eferentia] umide hydrolysis, rnio reasons; 
for the sensitivity of the amide bond to alkaiiiie hy- 
drolyBiB are disturbed ainide re^oniancfi^ and high 
acidity of the leaving group. Amides containing an 
aziridine as the aixiino component cannot form meso- 
tnenc structures due to inci^ased ring tension. The pJiTa 
of the aziridinium ion has been determined by JoncK eb 
aJ,*' with piTu 3.6 for compound Ga. In the author's 
laboratOTy n pid of 3.93 ± O.^'^^ was found f6r compound 
lift. Pl-E is a serine esterase which can alffo cl^ve 
amide bonds and which prefers aromatic residues/***^ 
Chymotrypsin and trypsin are serine proteases prefer- 
ring hydrophobic and basic amino acids, respectively, 
in. Uie Fl-poBition« In both cases, amide and {»aanilta- 
neouB ester hydrolysis couId be observed. Compound 
17a was not hydrolyzed by the above-mentioned lipases. 
Due to the &ilure of the selective hydrolysis of one ester 
function with maintenance of tiie aziiidide structure, 
anorher synthetic path had to be choaen* The azdridine 
building block 13a+b was used as a starting material 
to aliow ester cloa\'age by nonhydrotytic procedures. The 
N-acylated aziridinyl peptide SOa-fb which containfi one 
&ee carboxylate function was obtained by N-acy)^tion 
of building block 13a+b with BOC-Fhe via the flym- 
metric anhydride (Scheme 3, compound 23&i-b) and 
subsequent bydrngenolysis of the benzyl ester (Scheme 
5). 

Results 

The second-order rate constants for the ixmctivaUon 
of papain and cathepsins B and L by the aziridinyl 
peptides of type 1, 17-20 and 2fi-30, which contain the 
a37;ridine-2,3'dicarboz7late as the C-terminal amino 
add, are Rhoxvn in Table 1. Siku:e proteajnea of the papain 
family prefer Phe in the F2'POsition, compounda 17a,b^ . 
25a^, and 25a with a Fhe residue at di£ferent posiUonjs 
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^esJD PtfjUidU", Cysitainp Pnateasc InftibitArs 

T&blB 1, Second-Order lUte Ctmetante for InnrtjvaLion 



journal ofMcxUciTUSl Vhe^nistry, i999, V#jZ. 42, Jtfi>. 4 563 
of Papain,'' CiithEtpam B,* And Cathepaiia b y Typ e I A^iftdinj^l Pt^P^^e^ _ 



inhibitor 



papain 



cath»pRin L 



2-Ala-fS.S>-AftHO£tJl2 C^toJ' 



BOC-Pbfi-Ala-(S»iVH-J?^>AKi-(OEi:/OBri) t^Wu+b) 
BOC-L«u-Cay-(S^x/J^>A«i-(OEtXORzl) (2«a-^b^ 





125 ± 19 


fifi i 12 




16 ;b 6 


16 ± & 


73 ± 2 


67 ±17 


305 ± 26 


43 .1. 6'* 




nd 


63 ^ 9^ 


xid 


99± 10^ 


76 d. Q 


zid 


nd 




1230 


1I9S fi^ 














297*" ± fifi 


389^-.^ 11 


317 

0.087 ±0.011 
R*i:=0.27±0.0G 




133 

Ai =0.011*0.001 
£1^ 0.090 .-ir 0.001 


29±lfF 


21 = 1 


22=1 




1370 


4SS ± IS"- 


469 


J^i^ 0.028-1- 0.0028 




Ai = 0.051 Tt 0.039 


Ks ^ 0.020 ± 0.009 




i2; = 0.11 ±0.08 


1232 






Ai=o 0.020 0.001 






J:,« 0.016 ±0.001 






349 


240 ± or 


3237 


h = 0-01 db aool 




= 0.028 ±0.0015 
i5 = o.oos$±0.oois 


iCis'O.Ofifl ±0.0012 




523 ±25 


421 +. 100 


315^46 



« pH 6.5. * pH 6,0, • Mca»wreme&t5t were lianxted to tha linear ranga, wiOi [Ij 2; K^, due t© Bulubility ptohleinfT. Therofiwe, unij" the aetfond- 
£irdsrrata conHtnnt txKild be obtetacd. ^'NoL detenniiied 'I ^ (mM- 1). 



witiuD the peptide chain were fiynthe^isficd to evalaate 
the moat favorable distance between the cleatrophilic 
building^ block and P2-rocD^tiQn eLGmeut 2(hij 24a, 
and 5&9a4-b tu^ peptides which contain irn^ents of the 
inhihStingprocathepsiiiB aoqucnce Leu-Gly-Gly. These 
l^ype I inhibitors are irceverBible inbibitorB of cathep^diis 
B and L and papain- Thia irreversibiJity is evident fron) 
the time dependency of inhibition in. the conUnuoua or 
dilution assays which wens porformed to determine the 
second-order rate coriistants of ttiliibitian. It: wa6 con^ 
firmed by difllyBift experimonts with papain ae>d inhiW- 
tors I7at axid 11a as well aa \vith cathep^n L and 
inhibitor 28a+b. 

Secoiid-ordci' rate constants f&r these type I inhibitors 
are very low and are similfiur to tJlo&o foimd by Albeck 
et al.*^ for acveral cry* Aro-p«>ptidyl epoxidEa. EspBciEdly 
caih&psijci L is inactivated vary waatly by type I aarfri- 
diiq^a* An iutanesting and surpriai^g nxcoption in this 
regstrd is the inhibitrion of cathepain L fay nuxtiire 
jS8a+b. Although it ia 6till a weak iunhibitor, the second- 
ordor rate constant for this diastercomeric mixture is 
about 10 times higher than all other values found for 
I7PG I inhibitory. 'Fhis inc^'ea^e in inhibition results from 
a ID times lower bindii:^ constant iK{^ and not from a 
higher fir&t-order rate of inactivation (^i>- A difference 
between'the ovGmll ^sidings of cath^pfnna B and L and 
papain which raay be a criterion to explain tbi^ out- 
standing value is the structure of t-he S2-pock8t of 
cathepsin L.'*'' An additiotml Meitl61 residue makes itp 
pofk^t st^at^ shallow and narrow compared to those oi* 
cathepain B and papain. 

The highest inhibition contstanta for type I dedvatives 
containing Pbe within tha poptide moie^ are found for 
compounde a«» and STa-l-b with BOCS-Phi^-Ala as the 
N'tcrminal poptide chain. 

In contrflfit to N^unKub^itut^ azljidines of type H, 
i4ajb» 5a,b.37 and 6a,b,^' fm- which the second-order 



rate constants are reportad in Table 2, the diafitor- 
eomers 17a and 2Sa are about 7-- 10 times more active 
than their >don9<^ra IVb and 25b. On the oHier hand 
tliia fltiir«^08pec)fieit7 conreflpor^dA to Uia one obsarvad 
for tba epoxysucdnyl peptides exempliSed by com- 
pounds 1-3. Another dififerance between type T aziri- 
dines and aairidines without N-derivati^ation and op- 
03cid^9 1—3 id the low inhibition improvement by the 
carbo.\yHc acid fimction at the tbree-niembered 
ring. While 6ft,b^^ (Table 2) and even the single 
dine building block 11h (Table 6) exhibit an about 300- 
600 times higher second-order rate conistant for the 
inhibition of papain than their correapondlng esti^tis, 
values for the inhibitioD. by 30a4-b are only 3-10 timets 
higher in comparison to thpse fijr 17R»b Or 23a+b. 
Inteitidtf agly Uua luhihition improvamant is a result of 
a hi£;hnr foat-order rate of allcylation (Jb J and not of a 
lowar binding- constant (KO. Taldn^ into conwderation 
that d(ka+b 18 a &ee acid mixture of diaetereomers with 
53 and configored aziridina ring^ the inhibitiDn 
constant for the eutomar bo Komewhat higher but 
Tieverthelcea cannot reacb the ratOB found for N-nnsub- 
stituted denvat3va&. 

Protongatiosi of the peptide chain is normally known 
to improve inhibition of endaproteinasesi,'"' However, 
tiiiti IB not the case £)r N«^cylated azindinyi pef^tided of 
type I (inhibitor 29a) as well as for the N-unsubstituted 
ones of type U (inhibitors 16a.b). The highefit inhibition 
conatants within the tyx>e II inhibitora are observed for 
RJR, configured a:iiriduies coupled to a Leu darivativc 
(14b and 5b»7). 

Aa ahown by Jouen et al.,^ N-unsuhstituted azuidincs 
are much more potent at low pH values due to proto- 
nation of the aairidine mtroEen- The data^'^ showed that 
the iMiutniJ fbrm muBt bo at least 100 times less reactive 
Uian the protonated form. The true inhibition congtants 
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Table 2. Sw>iAd-Ord^r KwU Omatftnte f(^r taitCtivfttaini of Pflpfiui » Ot-tchtapaiit B,^ mid Cathepgln 1.^ by 'f ype U Azuidiayl Peptacles 



Ai/K (M-i min i) 



inlubitor 



EtO-(.9;9hAzi-rxHi-OBzl (14a> 


214 


41 -.t a* 


A130 


' - awe rh cooiii 




J^i ^O.05G=b0.00d 








K^:^ 0.0118 ±0.0^X 








1«26I 






jt- ^ 0 44 -N 0 0004 








JTi 0.027 ± 0.0001 






Tld 


nd*' 


Et04S^i-Azi-Lea-Pro-OBzl (T6a; 


227 






A,=-O.(>!21±O.0l>02 


ki ^ 0.039 .1. 0.02 


ft) « 0,047 ±a.OOD 




- t),OJM 0; 0,0CrS4 


Ki- 0.096 sL 0.01 


RTi - 0^ ± 0.008B 




466 ±37* 


1S8 


172S 




A; = 0.025 ±0.00*11 


Jkj n.04S ± 0.003S 






jr,-o. t3x 0-0011 


i^-=0.0'25 It 0,0057 


EtCKSySj-Azi-Lcu-NIIiAm Coa> 


IfiO 






fi«Vf??^>.A3i-Lini-OTIiAm (SbX 
























fBuNH-\S^A^-Lini-PfO-OH f7a><^ 


103^5 


402 d: e 






7fio±iao . 


3000 ±60 



aacDnd-ordar rata ctrostant could bs obtaxned. Mot determinrd. * Ai i>iiiTi^l). f fif^ <mMi. Tnken {jrtflft Jcinos Ot al^*' « No time-dependent 
TBhla a, 3^a>^d^07thr Ttate CDnstantn for InnctivfltiDn of Papain,* Catihepgin B,^ nnd CatJiepain U* by T^pc III Agiridinyl P^plides 











inhkbitor 


papuizi 


ca>theps)B.D 




I5O(M>he-lS,SK£t0>Aai-LeTiOBzl Caia)P 

BOC-PliH^,SHKtO.)-Azi-L(!ni-PrpK)Bi:l f2S»> 
DOC-Phu-(Ai2)-(KlOKAxi-Leu-Pro-OBz1 C22b) 


171 ±40 
321 

0.016 ±0.0019 
Ki = 0-Cfi 4s 0.02$ 
75S ± 12y 


122 ±12 

267 ± 2tjr' 

460 

j;;; = 0.037 ± 0.0022 
Id - ± 0,013 
lS3a±44C' 


219 ;b IS 
814- 

Aj^ - 0,0099 ±0.0023 
iCi'^s: 0.031 ±0.0023 
mo 

&8a6d:40^' 



" 6.6, * pH 6.0, * Miroeurementft wore limited to l2iGLl»noBr mnge, with 11) £ 
drdcr rate Gonvt^nr cnuld bo obcttlncd. ** h (min « Xi (mM). 


/Ctf due to BolnWliTy pTOhJems. Tlierefore, Duly the seconii- 


Tnblu 4. Inlubilimi ConsnantS ftUf tbd Non-TiTno-Dcpcnd^jnl Inlubiiioii oiTCiithepain H," C«1pain I,^ mad Ctilptun TV" 








fCi {uM) 




inhibits 


cathopnm H 


iudpain I 




BCK>Phe-tfl^> Azi-rOEt>= 0.70) 

(EtOX$t5)^- WOBid (14a) 
aBtOK'?^>Azi-Li7ii-0Bzl (14b> 

BOC-ptM:-a?^)-(Btojvi*i-r-cu-oBrf (aib> 


X10±X» 
m 

200 ±35 
ni 

03±8 
107 ± 11 


160 ±31 
nd 
ni 
Dd 

19 + 7 


nd 

Dd 

-nd 
nd 

42 ±14 



" pli B.S. * pH 7.5. ' No iithibntiioa. Net det^niinod. 

TMa & S^nd-Ordfto- Rttto CcmBUntsi for Inaclivatlofi ^ 
Papain at Diftbraut pH VjilueB* 



pU4 



lla^ 
14a 

IJa*^ 



61 ±5 
24774. ± 7000 
7«6±39* 
72 ± 10 



11 ±OJS 
d6D2dt lOOO 
168^ 

424 ±32 



7S0±fi5 
24±S* 
410 ±21 



' SvbSti-ate, 1.4- JoM L-BAPA; (El - O.ft mff wL"^; FH; lOa, 
0,5S-4.7 mM; 11a, 6.6 ^^M-O.S toM; J4a, 0.27 -l.M mM; iVo, 
O.0OJS— 0.£^ xnM. Mcuaunmeiitv woro carritfd oul at i};e lisear 
range, when* [U £ Kl. Therefore, oiily the aeeoiid-Okder rate 
coaac&nt waA nhtained. Not dtftanmn^d. ^ h\ " 0.033 0.00:2 
(raixi-*), /Ti =1 0,20 ± 0,033 i^iAl 

for the completely protonated inhibitor would be much 
higher at pH values below pH 4 wliich cannot be tested 
because of Iobb of engine activity.27 TKc unaxizzium 
activity pH of 4 d«fiennined by Joiie& et ai.^ for 



i! 



RNe»elta<2tSIIS11429>at1(li02]:M:»PII|Eiisteinl)iyll9htTim] 



N-unsubstitutod derivativeia can be coufii^rt^d as shown 
in Table 5. In contrast to N-unsubstituled aziridines the 
N-acylated azifidino 17a fihows nearly identical inhibi- 
tion constants at pH 6.5 and pH 8, Kich et al>^ 
invcfltig^ated the pH dependency of inhibitian of papain 
by a nDnionizsble oinidi of 3. This inhibition wag found 
to dopend on two addic diesociatdon constants (pK^'^ 
3.93 and 4.09) of papain. This is in contrast to the 
inhibition of papain by E-64 (1) for which an ad die 
dependency and an alkaline dependency were found.^'' 
The latter reB\iit supports Iho Assumption that Hi&159 
may ploy an ese&ntial role for inhibition. Smaa 17a is 
sensitive to alkaline ni«dlai dotermJnation of second- 
order rate ennstants at pH values abovfr pH 8 is useless. 
Table 6 reports th« pll dependency of inhibition of 
papain by 17a- Theso values, obtained within a pH 
range from 5.2 to S,0. indican^^ however, that inhibitio0 
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^cit^ P^ptidic LS*stcinc Frotrnxtt Tnhibitnrsi 
Table 6* f>ftpGndqTmof of LcJiibicioa of Papain by 17a 





pH 


Jictivily im.U mL" * ) 

without 17a* with ITa"-* 


5^ inl>il>icion 






6^^. ± 0:2. 








M 


7.39 ±0.1d 


1.3S±0.1 


fli.l 




&5 


7^d±0^1 


0.98 ±0.09 


86.7 




7,0 


7^3 ± 0.15 


(1.75 zb 0.15 


&9.d 


14.; 


B.0 


7^1iL0.1fi 


0.7C J;0.2 


69,7 



1 =1' 



' Mean valufif? from fiveitssnyi^ ^ fl I - 17 uM; ItiquIj^UoxX cUno 
SO mhi; rSI - 1^9 laM t-WPA; lf21 - 0.5 mg ml "i. 

by this N-apylated aziridixta corresponds to the one 
found for the amid* of 3 rather then to that found for 
E-64 (1), 

Activation of aziridines toward nudeophilic ring 
opening is poHsiblo not only by protondtLon of the 
e^indino nitrogen but also by N-acylation.*^ In T^ble 
inhibition constantci are reported for tnhibitore of type 
nX (3lAfb| 2^a|b}. Theso are bispeptidyl derivabivea 
which bear the aziridiiie moiety in the middle of the 
peptide dinin and which can be rejgarded as chimeric 
irihibitora combining the PI' and PST CLeu-P)ro3 spedfic- 
itv of catiiopain B with ite P2 specificity (Fhe). The 
N-acylation of trip^ptide IfiFb with BOC-Phe to tet- 
rapoptide 22Sb leadis only to a weak fnhiWtian improve- 
ment in the caiw of cathopdn L and papain, but to a 
lO'fold improTemsDt of ix^bition in the ca&e of cathe- 
psin No or only o rfi^t increase of inhibition is 
obtained by N-acylation of tho type II inhibitors I4a,b 
and ISa* Again, in accordance with results found 
for type II inhibitors, the HyR dmsitereomers are the 
mure potent, but with a very low eudismic ratio, 

When the selectivily between cathepsine B and L and 
papain waB compared, the inhibitors cf type4> H and in 
which bear peptide chains at one of rbc carbo^^late 
fonctionB e:}chibit higher ai:tnatiea agaitvfit c^epsin L 
than against cathepflin B or papain. The reverse holds 
for the type I inhibitors which are, with the one 
exceptian of mixture 28A4'b already mentianed, only 
weak cathepsin L inhibitor?. Cathepsin H and calpains 
are not Inhibited time dependently by all types of 
inhibitors. If a reduction in enzyme activity can be 
obs^ed, ^1 valued in the upper micromoloT range are 
al«o observod (Table 4), This non-tim^apendent inhj- 
bition may bo due to oxtromely Tow allQ^lation ratas 
i^iich are also known for the inhibition of these enzymoa 
by epo3Qr*iucdnyl peptides.^-^* For a better inhabition 
of cathop&in H» inhibitcre without an N-tcrminal pro- 
tecting group may be required. 

To Bvaloate the s.clectivit^ between proteaaes with 
difEerent mecbaniflmj of hydrolysis (cysteine — serine 
- aspartate - xnetallo) the a2iridiQes 10a, 14l>, 17a, 
16a, and 21b were tedted ogn^at the serine proteases 
chymotrypsin^ tiypEin, and ekiatasc^ the aspartate pri> 
te£se pepsin, and the metaUoprotease thermoiysin, 
respectively. As shown by the above-mentioned hydroi^- 
si9 assays of 17a with several aerine hydroiasea, thia 
compoux^d does not react aa an inliibicor but as a 
sabstrate for theae anzymos. BOC-Fhc and compounds 
10a and 11a could be isolaced and Identified by TLC 
and Ift and NMH spectroscopy. This ia in agreement 
with earlier reports on ester hydrolysis of a^iridinecar^ 
bo3^1fltcs by those cnzymea."^^^ In contrast to iSlb 
compound I4b is a substrate for thigormolysin which 
profero Lou in the Pr-po»itiou,**<^ In this case lib and 
LeuOBil could be identified as hydrolysis products. 
Neitlict 10a nor 31b could inhibit pepsin. 
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Summary ated Dii9Cu««^ n 

EK'en though several similarities^ inchidin^ the er- 
elusive inhibition of cyirteiiie proteaaea and the irrevers- 
ibiUty of inhibLtion of papain and cathep&ins B and i^, 
esciBt between aziiidinos and epoxides, their respective 
behavior exb cysteine protease inhibitory shows ren>ark- 
ahle differences. These difTorences mf^ Bx^^t of all bd 
due to the possible protonation of the sTaridin^ nitrogen 
in the case of tha type n aziridines, thus laading to a 
dzOieront bi tiding mode with an additional walet mol- 
oculo not being necesaaiy and with the poBitiooin^^ of 
the inhibitcr being disturbed by tha positively charged 
group. Second, aiundines of type H are analogues of the 
eposddes conceTTiing their chemical roactivity, but th^ 
arc not bioisosteTs. The epoxide on^ygen xH a H-bond 
aceeptorf whereas the aziridine nitrogen in most Cftfles 
reacts as a H-bond doxkOr, Tliuiet totally dififereni interac- 
tions with the en2yme could be possible. On the other 
band, there esiBt noteworthy difierences between the 
different lypea of aziridinyl peptides. These difforonce& 
concern pH dependency, stereOBpedficit^y, and salectivity 
of inhibition. In coAtrast to the type II inhibitors 
H«bouds cannot be built under participation of the 
aziridine N by tihc N-acylatcd ^ypo I and III inhibitonj, 
TVp<* I inhibitors which are more active with the 
configured aairidine ring and wbddh. in this regard 
resemble theopoKysuccinyl peptides 1-3 could bind to 
the S-bindSng Bite in a sulratrnte-liko mode. Comparison 
of inhibrticn constants obtained for the Phe-COniaining 
series of inhibitors (compounds l^aib and 25a»b >vith 
2fia and 27a+b) leads to the assumption thai the Fhe 
regidna of the latter is probahiy located in the hydro- 
phobic 32*pock£t as known &om the poptidyl chloro- 
meiJbyl ketone BPACK** The aziridide structure may 
poEtdbly lend to a more unfavorable inhibitCHr conforma- 
tion which could impede 4he attack of the active site 
cysteine residue at the aziridine Tm% carbons and 
ti^Lcrcfbre lead to low alkylation rate constants. A 
superimpositian of minimized conforznatJond of the 
epoxide 2, the typo U aziridine 14fa» and the type 1 
inhibitor flfia supports this supposition (Figm-e 1A)J* 
Howwer, first results of doddng eacperirnente" per^ 
formed with papain and 2Gn indicate that the fiexibility 
of the molecule nevertheless aOows a conformation in 
which the Hie residae of thia inhibitor can bind mto 
tho bydrophofaic S2-pocket and the N-terminal BOC 
group can be located within the S3-aubflite {Figure IB). 

A comparison of type II compounds 14afb and Ito^b 
with the N-acylated type III compounds 21atb and 
22aitb (showu that the aetivatioix of the asndino ring to 
niicleophiKc ring opening by N-acylation does in genoi^al 
not lead to an 1nhibiti0(n improveirriinL Therefore* tho 
retain reason for the relnarkable mcrease in inhibition 
by protonation in the case of type II inhibitors should 
be due to improved bixiding: rather than to tmprov«d 
nudeophilic ring opening. Type 111 inhibitors are new 
chimeric inhibitora, and Rimilar to epoaddcs with two 
peptide chains,^ a tendency for sLmilar second^rder 
rate constants £br the and 3^3 configured isomers 
can be obRerved Thus, one can assume that these 
inhibitors, like the chimeiic opoKides, bind to both the 
S- and S'-bindizig sitee. A new aspect whicdi should be 
taken into consideration is the poj^sibility that the 
aziridine ring can be opened by nucleophiles in two 
dififerent ways. Not only ia cleavage of the C— N bond 
possible but also the cleavage of the C-C bond.^ C-N 
Cleavage wofuld lead to asparlic acid darivativos, while 
cleavage would farm glycine derivalivca. These two 
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Flguifo 1. fA) SupenzxxpoBition ofroinimized cacfbrmatiotDa 
Poo^ble buidinji; mod^ oT^Oa to the iidiYt: »iie of papain.'^ 

poi^ibi]jtir?s may also play a role In the obnerveil 
difFfirencee between epoxides and! azxridLned on the ono 
hoxMi and between different types of aziridinyl peptides 
on the other hand. 

Thfi excliu;ive iishibition of cysteine protnofi^s cauLd 
be explained by the enhanced nucleophilicity of the 
active site cornpared to serine pTote&$te as a n^eult of 
the thiolateHmidflzolium ion pair^^ even though the 
nudcophili^fy of serine and <^«teine proteases cannot 
be couapared that easily. The "hard" nucleophile OH of 
th€ serine proteased attacks the 'hard" eiectrophilic 0= 
O center, while the ''soft'' &" nud ophile attacka the 
"soft" ring carbon,''^ Another reaaon Text thift Selectivity 



»r«!puxid« 2, type H asTiridixw 14b, and typd I a^indine S^a,^^ CB) 

may be the oppoaite active site ^eoiinetfy of serine 
preteasoB^^ which could convert azxridiziyl peptides firom 
inhihitore into tnihstrates for sennc pietea&es. Stardng 
pointy to improve the fia3ecti\'i(y between difTerent 
Cysteine proteases are the good activitiea of type II 
inhibitors and the type I mijrture 2Sn'4*b again»t cathe- 
pain L and the rcmnrkable inhibition improvement by 
the N'-acylation of 16b with BOC-Phe to 22b in the ease 
of cathepein D. A better underslandintf of ihc observed 
differences between epoxyauccinyJ peptides and aKLri- 
dinyl peptides on the one hand and between the three 
types of aiiridiiiw on the Other hand will reijuire more 
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Nmjf P^ptidiX'- Cy^tteine Prviease Inhibitors 

detailed moloctLlar modeling studies $9 mdl tA6 X-ray 
analysis of enzyme— itkhibi tor compWea. These stuoidD 
are in progroBfi. NeverthelesR. the pre&eiit Etnidy shcwo 
that: N-unsubBtitiited aziridinyl pcptidos and in special 
cases N-ncyli^ted ones, too» can be highly selective and 
potent iQactLvalors of cysteine proteases. 

Expcrimexiital Section 

Gtmeral ll^ethod^^t £pi^yxne9 were purchi^ded from thu 
fonnwini? coznpanieB: papain frona Carico pftpftyo from Fluka 
^BloChdtdiJca USP. 7J£t2S0), cAthepsdn B from bavion aplecm 
frpin Sigma (C 6268), cathepain H flrom human Hvcr 
colpain I from porcine oiytbwicyt«6 (30fi7Jl2) and calpain U 
irpm poTcme )udn^ (208715) from Calbiochem. chymotzypsiji 
from bovine psncread (102^07), to^psln from bovLoe pancTQiis 
(124S79) «nd pcpaizk (7I8A) &om Merefef eiastaso from poixdno 
paricfcsas (20929) tmm Serva, Cafchepein L ftotaPammecium , 
tetr<iurelio^ was jsi gifl from Prof, J, Schult?^ Depaxt^ent of 
f^mrmaceuticikl Ghefiniatjy. UTiivcreity of Tuebinstin, Gor- 
tnany. Pig liver cateraBd PLE (46063), lipase jfroca Rhizopus 
arrluzus LEA (62^i05)^ lipajie firom A^pAi-gillur, xUgcr JJiN 
(62294), lipaae fTTpm Pemcillium rwjut^brti LPR (691308). and 
lipase fpdih hcg pancreac: PPL (62300) wt^re from Fluka. 
Candida cyUndnKxae. Hpa»e type VH CCL CL17d4J 
SigmiL All EjnzTmoB were vsad without further puHfic^ticn, 
All suhetLrutea, prptected amino adds, and d£- add (xipoptidoo 
were purchaflad from BMhom. Lw»-Pro-OBzl isfifluumicetaie 
and BOC-PhB-AlaOH VFwe prepared by wclKBHtaWiphed lit- 
eratuie procedixrea.^'^^ Bu£for aobatanoefl were bioeh^mica] 
grade and were purchased from Merck< ^-StfaylmaldimidB wa^ 
from Aldrich; £-64 was from BoehriaiPEi^r^annbtntn. Aco^nt 
gr^e cheRtiodt} were pturfaaflod flnaai thiS fbllawing comiuir.iBu 
cn^ were U3ed without further purificatinn: EKDQ from 
Novfthioebein, 3>PSI. NoNa, LiOH-HgO, and NlliCl from 
Merck, PhaP, 3500, DMAP, and EtaN fom Fluka, DPi*A from 
Aldiicb; Pd-O 10% tTpa E 10 N/D from OoguaHa. All stilvifuts 
were axihyiiroua grade OAd were pordbuiBcd from Fliika. Brine 
refers to a Ratimit^ agueiTus solution of t^aCJ. Analxtical TLC 
^9 perTomod on M^dk aluuiinuxti sheets (silica gel 60 F^m). 
C^oipounds that were not vimxalized by UV Jtfht n-ere detected 
by aprayii^ With lllKrUeh's rtea^t (1 g ef/^Hdi^ihylaminD}- 
benzaldehyde, 25 mL of HCl concantratedt 75 mL of MeOH) 
iaUowed by haling. FroparulivB fls^h column chTomategraphy 
pcrfarxned luing Btlica 60^, 40-63 /nn, &am Metek. 
Prej^irative hydrastatie eelnms chroimaCography was per- 
formed uBing silica gel 60, 6S-200 from Mewfc. M*ltinff 
points are uccort-^cted and wcro ohiained on a Mel-Temp II 
eapillory melib^ point apparacus (Lal>oraxoiy Davif^fl). Opti- 
cal rotalionfi were mea^aiVd vn a Ferkin-Elmer 241 pdlarim- 
eter In a thcrmotstaXed cell. IR fipoctra \vere determined in KBr 
peEets or with NaCl solution coJIb on 41 P^kin-Ehner 841 IR 
dpecUopboloxaeter. Mass apectra vrara mfranuTed <m a Finni^n 
\fAT 312 lkt\v resolutioii; t^L 10 eV. aS mA; CI, ujobi^tanc or 
NHa, 200 eV, 0.5 inA) by ChexzuBdies I^boratorium of tbc 
Umversilor of Fruibur^ nr <m a Vnyager-RP bieapcriawoetry 
Workstation by Perceptive Biosyetems, Wieabaden, G^irmimy 
(high resolntiDQ) (znoda, reflector; accelerating voltage, 12 or 
15 kV; acaiitt aveni^d, 1^^; nejiafiTe ions, o£D. Elemental 
analyiieB d^temuaed on a Pcrldn-EInier demwtal ana. 
lystor 240 by Chemiwhes I^bcratariwn ef the Uniwarsity of 
Freiburg. NMK (*H, ^^C) spectra were recorded on a Varian 
Unity 300 Bpectnimeter (300 and 75.43 MH2, rMpeetively). 
NM!Et fihemieal ahifba are rupdrted inppm rdativc to the CHO9 
peak at ^ 7.26 with CDCLi as solvent and to the DMSO peak 
<^ ^ 2.49) with DMSO-d« es aolvent. ^ NMR chemical fihifls 
are reported in ppm teiative to the CUCU peak (d = 77.U0) 
witb CDG^ as flo7v«nt. All NMR as&ignmeaiB were sup- 
ported by homonucloar docouplini^ experiicneuts or by 2-D 
COSY experixQentB. All NMR asaij^muenta were iiUpported 
by j3-D HETCOR experimentB. Coupling cnn&tacits iJ) are 
reported in hertz (HzV, 

Ganeral Procedtirea. N'-Acylatjop via Syiazzietrie An- 
hydxideSf N-Protoctcd amine add (15J> mrnel) was diasolvcd 
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in 40 mL of dtchloromelhajaa at 0 "C; ^ (7,7 irmnol) of DCC 
waa added, and Cho tmjctun» wsb stirred at 0 °C for ^15 min. 
Inwjlvible dicyclohe^lafea waa filtered cff» azxL 7 mmoi of 
a^iridine wad added in 20 mL of dichleromethane at 0 °C 
together ^th a fow cry&talB oTOMAP (10 mnl The reoction 
was stirred ai; 0 ''C Tor 1 h and for 3-6 h at room temperature. 
DicycleHcTyluToa was iihered ^% and the fiolvent wae r«n»\Hsd. 
The residue wa» atmncd in 10 mL of ethyl acetate Ibr 20 mia 
and Again filtered oft The organic layer wa:* washuJ ^vith 
oaturaicd NaHCOs solution (20 mL) and brine (20 mL), dried 
wJch WfeSO^, and cnacentrRted. Tke reddwj waa purified &r 
each individual compound by either flodh or hydros tauc 
chromatnpraphy a» discribed below. I 

N-Acylation via Ms^^d Anhydrides, The coupling re- 
agent E£I>Q (426 XD% 'X.12 mmoD was added to a saJutiDn of 
N-protect«d peptide (1.61 mmol) and aziridine (1.61 nimoJ) in 
15 mL of t)MF. The miSEture was Gtin-ed at rtrom temperature 
for 48 h. The solvent vraa remoyed ii» va^xo; the rraidue was 
diflsoJvcd in 100 mL of ethyl acetate and extracted wiLh 50 
mL of a &% solution uf niBQOz and 50 mL of water. The 
organk waa dried with MgSOa and evaporated. 'Hw! 
retvidue wap pinlfied for caeb individual compound by «ther 
fla^h ur hydrostatic chromatoj^re^hy aa deacrihed beJcw. 

l^PPA-Mediqted Peptide Couptiza^. A stirred ^elutdoa of 
carbes^lie add ify mmol) ^md C-protaciBd amiTio acid or peptide 
(HCn, TPA, ortr>sylate) (5.2 minel) in DMF (30 mL) was cooled 
in an ite-wator b^th and treated with DPPA (1^ mL. 5.B 
mmol), A Bolutkm of Et^ tn 10 mL ef DMP (10.5 mm<il» L43 
mui waa added dreypwiaa over a period of 10 min. Stirrihg- and 
cooling were coniiniiBd for 10 h. The mixture diluCed with 
ethyl acetate (150 mL) and washed with 26-2nL portions of 
water (3x:), 5^ NaHOOa (Ix and brinn (2x). The organic 
layer wa& dried with MySOa and evaporated in vacuo. Tho 
residue wan purified ftr each individual compound by cither 
fla^h nr hydrostatic chromatoKraphy aa dciscribcd below. 

Caislytio Kydroj^enolyaifi of Bdnayl patera. An evacu- 
iitcd aoluiion ot 0,6 ramol of benstyl euter in 30 mL of MeOli 
and 40 rag of Pd-C (10%) waa vigOrowly stirwd at room 
temperatuio and otmoApheri c prevraie far 1.5 h (TLC ccmtniil 
under a alow stronm of hydrogen. The catalyst was removmi 
by fHtratien over Celite and wd-sbed wiih methanol (fiO mL). 
The ^trate was evaporated in yocuOi and Lhu residue was 

rcuryHtallixed- 

Tbe foQewing oompoundB wore preprtred according.;to lit- 
erature pzcxiedures: diethyl ()!^S|&5)-2^-epD!xyfiuccuaate 
(Ha),"^* diethyl (2R.aR>-2,a«p<ay6neeinoto {Sb)p» di^tiityl 
i^^^SyeaSacii^xyb^eaxw^m^ (X^\^ dioihyl (2f£^C)- 
iiziildfaie-2i3^1iCB]!l)oayliiCe <XOb),'^^ CZ-^^-SKotho^yctia^ 
bOny3)a2i]e-idine-2^arboxyUc »eid (IIa)," (2R,3lR)-3- 
(eihcixyoarbonyDaz]ridinc.2«carboxylic acid (1 Ih),*^ 
benzyl «thy] fiunarate (12) dieihyt (^,a5)-I<LV^(/er^ 
bute(ityearbonyl)^>pIiernyl«Ianyl]ariridiQe-2,3-dicMu> 
bcizylala (17a) CBOO-Ph«>(S,S)*Azi<OEfc)»),''' diethyl (5SRr3E>. 
l-[N-(#erf-butexycar%K>iiyl)-(&0'^pheiiy]Blanyl]anridin«^ 
2,3-dicarbox}iat« (ITb) (BOG^Fhe.r.5^).Azl-(DEt)B).3^ 
diietfayl <2;&.3i$>-l-lAMbeii^laQcy)cwboaQ^ 
idin&-2^$-dicarbo]^te (ISa) a&'Ala-(5^)-AzHO£t>9),^ 
and diethyl (2S,a;5)-l-UV-<^ert-butDzyearbonyD-(^>nla- 
ny]1asSrtdine-a.3^icarbazylate (Ida) (BOOAIk-CS^^Azi- 
(OEt)fl).«' 

(25^- and C2i£,aRV2*B0n«yl S-etbylnxiridlncp^^-di. 
eairboKylate (13o+b) (IltOnAzi-^BjEl). DKa» (5_2 g. 0.0S+ 
mol) and 5.9 g of benzyl ethyl fumarate (12) (0.02 mol) were 
dissolved in 60 mL of Luhiene and heated at 80 ''C firtt" 24 K. 
Tba mixture waa evaporated in vacuo. Column chromatDgra- 
phy (ailica gel 60, cyclehaxane/ethyl acetate, 4/1, Hf =s 0.2) 
yielded 1^ (25%) of 13a+b m a yellowish solid:'** mp 52 "^C. 
IK (CCU: Cbr)> 1733. 1497 col K *H NMR (CHKJlfl); h 
1.30 <t» J ^ 7.0 Hz, 3 H), 1,86 Cba. 1 H, NH;, 2.90 (d, J = 2.3 
Hi, 1 H, CH-A«IX 2.92 (d, J = 2,3 Hz, 1 H, CH-Aai\ 4 J»2 (q, J 
= 7.0 Hz, 2 H), 5,15 (^J^ 12.0 Hz. 1 H), 6.25 (d, J = 12.0 
Hz, 1 Hh 7.^-7,45 (m. o H). "C NMR (CDCI3): 6 13.81. 35.4B. 
55.60, 61.7 J, 67.38, 1S6.6O, ] 26.23. 128.40. 134.73, 169^2 
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(dauhle peaW. MS {CI, C^Hxoi: m/i <%) = 306 (1.1) [M" + 
CiHg], 360 (iOOl 9At + 11. AnaL fCaHi^NO-ij 0,11^, 

(d)-lfiucmeBenxy]£9ftwr{14^ CEtD-C5,;$)-Aad-Zievi-0Bzl). 
11a vAfi coupled with L-leud^ie lMm:yl Quits' to&yl^Ld tiiiing tbe 
t^cn^nd DPPA procedure. H:ke product was puHfiedby coliaiCLn 
chrunmUi^ttphy OA ^\ (ethyl acctatc/cycZohezune, 1/1, 
i?/ - 0.44) to give 14a (760 m^, 42%) as a yollowidl* viecous 
liqjitd: [oJd^^ = +47.2* (r; lA, fitOH). IR iCCU): 3283 (br), 
L739. 1675, 152S cm KMR (CDCla): d 0^ <r = 6.1 
$ H), 1,3 {t,J^ 7.08 Hk, 3 HX 1.46-1.7 (m, 3 H), l-^ (bU 
J = 8.5 Ez» 1 H, NH), 2.55 (dd, J - 2.2. 7.8 Hz, 1 H>, 2.B7 (dd, 
J 2^, 9.0 Hz, 1 4.22 (q. « 7.08 Hz, 2 H), 4.$ii -4.65 
Cm, 1 HX 5.15 (8, 2 H), 6,7fl (bd. ^ = Ha, 1 H), 7,28-7.4 (m. 
5 H). «C NMR (CDai): 3 14,07, 21.73, 22.79, 24.84. 3fV.44, 
87.40, 41.03, 50.39, OS.^iO, 67.09, 128.20, 128.41, 128.61, 
135.29, 167.75. 170.30, 172.22. MS (EI, 70 eV;): mJz - 363 
(14) fM*- + 1), 227 (lOOX Anai (CisMjBNiOa) Cm,N, 

(S)-lcuciiioBeQzylEBt«ra4bl (£:tO-(IZ;S>'A2i-Le«i-0Bzl). 

lib wAit «oupi«d ^th i^ldueiziA bsozyl aot4>r tosyUte umng the 
general DPPA method TbiO firoduct wab purifiod by coluxan 
chrcnmtojyrairfry mi silica gel (ethyl aoetate/cyciloheanmc, A/ - 
0.39) to give I4b (633 itig^ 35<&> a yellow iuh viaccus liqAud; 
laln^" -no.r is L4, T-UtOHX IR (CCO*): 3275 (hr), 1742. 
1670, 1537 <sm-K NMS (CDCla): d 0.9 (d, J = &l H2, 6 H), 
1.25 it, J- 7.0 Hz, 3 H>, 1.45-1.$ Cm, 4 H, NH. ;J-H, j'-Hj. 
2.62 (d, J ^ Hz, 1 HI, 2.85 (d, •/ 2.0 Hz, 1 HX 4^ fq. J =i 
7,0 m, 2 H), 4.Bfi-4.G5 (m. 1 HX g.l3 (d. ~ 12.'J Ha, 1 HX 
S.1S (d, J = 12.0 Hz, 1 H), 6.65 (bd. J^&Ji Hz, 3 H>, 7.3-7.4 
{m, 5 H).'«C NMR (CDCOi,): d 13.83, 21 -49, 22.58, 24.B8, 35.17, 
37.12. 40.72, 50.18. $1.86, 66.80, 127.93, 128.14, 128.35, 
135.10, 167.65, 17a02, 17L97. MS CEI, 70 aV); m/s (^fc) - 363 
(9) IM^ + U, 227 (.100). MS (CI. C^Hw): m/z m - 363 (lOOy 
[M^ -MJ. AhaI. (CisH^dNjOs) C,H^. 

(S>4inicme (l^b) (EtO-(tt»R)-A2i-JLea-OtO. 14b was hydro- 
e&nelysed o&ing th« gerkwml hydrofr^nolysiR procedure. Re- 
cryfitaJliKitioafrcnn MeOH yielded 95% <155 rog) l«Sb; rap 66 
«'C; [alD» ^ -63.6° (c 0.55, BtOH). IR (KBr>: 3374 tbrX 1737. 
1670, 1544 on- *. ^H NMR (CDCU): ff 0:94 (d, J - 5.9 Hz, 3 
HX 0.96 (d, J = 6.11 Hs, 3 H), 1,30 (t, J' - 7.08 Hz, 3 H), L.-i- 
1.8 (m, 3 H>/2-n (d. ^ = Ha. 1 HX 2.89 (d, J = 2.2 Hk, 1 
HX 4.23 Iti, J = 7,3 Hz, 2 H>, 4.5-4.6 {m, 1 HX 5.0 (bs, 2 H, 
NH, COOIIX 6.76 (bd, ^ ^ S,5 Hb, !• ^fHX MS (CI. C^H^t^>: 
(%} = 273 (100) IM' + 11 MS (EI, 70 flV): tw/z (%) 27^ 
(12) IM+ + 1], 227 (100), AnaJ, fCtfHjj^NxOB-VjMisOH) C»Nl H: 
calcd, 7.69; found, 7.2S. 

CS)4eiicyl-($)-proUTi6 Bisnxyl Eiftitr (lea) CEtO*(S^Axi- 
Zj«Bn-PiN>-0&z)). DPPA^madioted cauplinjj of 1 Ja with Leu- 
Pro-OBzl TTA gave, after pimScatiaa by flaab chroniato^phy 
(cycloheJWTiefeihyl aoetate, 1/2, i?/ 0.19X 51'.^ (1. 17 g) of l^a 
as a colorleM T»?cnu« liquid: laJo** ^- -las'* 1.45, EtOKj. 
IR (ethyl acetate): 3271, 1740, l«3l. 1651, i45ian-». tRNMR 
(CDCHfl); d 0.$d fd» ^ = 6.35 Hx^^ H), 0.91 (d. J ^ 6.36 H2, 3 
^HX 1.27 (t J== 7.1 Hz, 3 m 1.45 (m. 2 fi-R LeuX 1.5-1.64 
(m, 1 H, 2^H LcuX 1.8-^.1 (m, 4 H. ^-H Pro. 2 y^K Pro, NH 
AaiX 2.1-2.28 (m, 1 H. fi^H ProX 2.58 (d. -T = 1.05 Hs, X H). 
2.7B Id, J ^ 2J2 H». 1 H), 3^-S.fi2 fro, 1 H, a-HPro)^ 2.7-3.8 
fm, 1 H, d-H Pro). 4.2 (11, J = 7.3 Hz, 2 H), 4.54 (m, 1 H, a-H 
prvX 4.74 (to, 1 H, tL-H Leu), 5.06 (d, */ » 12.2 H2, 1 H), 5.18 
fd, J = 12.2 Hz, 1 HX 7.06 <bd» ,/ 8.0 PEz. 1 H, NH LcraX 7,35 
tm, 5 H). '-'C NMR (CDOb): <i> 13.97, 2L63 (Lcm), 23.19 (Leu), 
24-02 (LcuX 24.76 (ProX 28.84 (Pro), 35.59 <AziX 37^5 <Azi), 
41.47 ILcuX 46.74 (PtoX 46.55 (LeuX 58.82 <Pro)» 61.93 (0^ 
ethyl), 66.79 (ObenTyl), 128.01, m.18, 128.43, 135.42, 167.68. 
170.00, 170.74, 171.49. MS (CI, C«HpX m/z m - 469 (4) m^l 
368 (100). Anal. (C24H&1K1A:) C,H^. 

iV^{I(2ff^)-3-(Etliaxycarbonyl)azMdM-2^caii'bottyl}- 
(^«l6iM^^CS)-]prolineBeiuylB8tor (16b) (EcO-<Rji7>Az]- 
I^cu-Pro-OBxlX' XlFPA>]7icdiatcd rDuplliig of 151i with Pro- 
OBxl HOI KRve after puriiicalion by oolixrnn chTVmetography 
(ethyl a(xn£ic«, Hf— 0.56) leb ( 1.3 ^, 67%) as a oolorl«SB vidcOu^iF 



liquid: [cJd'^ = '-125.0" (c 0.44, EtOH). ER Cethyl scet.£ile): 
3275 (br), 1742, X6,'>e, 1589, 1448 cm-^. iH NMR (CDCl,): r5 
0.88 (d, e7^= 6*6 Hz, 3 HX 0.92 id,J=^- 6,6 Hz, 3 HX 1-26 (t, J 
= 7.1 Ez, 3 HX 1.4.-1 .32 (in. 2 H, /9-H Lou). 1.58-1.7 Im, 1 H. 
y-H Leu), 1.74 f bi, J = 8.0 H», 1 H, NH Azi), L9-2.1 f 3 H. 
^^H Pro, 2 y-H P.it>), 2.2 (m, 1 H, /S-H ProX 2.64 td, J = 7.6 
1 H, A^O, 2.80 (d, *f S.5 Hz. 1 H. Azi), 3.S6 <m, 1 H. ^H 
Pro), 3.e4(m, 1 H, fVH ProX 4.18 (q, J* - 7.1 Hz, 3 HX 4.52 (m, 

1 H, d-H Pro), 4,70 (m, 3 H, ot^H Lwi), 5,04 fd, J = 12,2 Hz, 1 
H), 5.16 (d, t/ - 12.2 Hz, 1 H). 6,86 (bd, J = ao Hz, 1 H, NH 
Leu), 7.2-7.5 (in, 6 H). ISJMR (CDdi,): <i 14.14, 21.78, 
23.40, 24.70, 24.99, 20-02, 35.58, 37.49, 41.48, 40.90, 48.40, 
68,98, 62,19, 67,03, 128^6, 128.40, 128.63, 135,iS2, 187,88, 
170.50. 170.92, 171.74. M3 CEl 70 6V)r rn/x (%) = 459 (27) [M ' 1, 
227 (lOOX AnuL (C^JHwNiOq) C,H;M. 

Diethyl (£^|3;9)Nj.[VH(FUianm«'8<^lmcthoxyciixbe]>yl^ 
C$)-leuoyIIfi7indM6-2,3^dieartioxy!atB (,20a) (Fmoc^Len^ 
iSjShAii'iOBtW^ K-Acylaticm of 10& via ^runetrit; nnby- 
dride using Fmoc-Leu yielded after cobiinn chroTnatognjphy 
(eydohejEane/ethji acetate, 6/1, /?/ 0.21).20a (1.6 g. 44%)i 
mp 56 "C; [ohy^^ ^ r 40.62" (c 1.0fi5, EtOH). IR (CSaCla); 3418 
Cbr). 1738, 1627 cro-\ NMR (CDCl,): 6 0.9 (d. J = 6.6 H7, 
6 H), 1.23 (t, J = 7.1 Hj!, 3 HX 1.25 (t. V = 7.1 Hz, 3 HX 1-45- 
1.8 (m, 3 HX 3.5 (6, 2 H, Azi), 4.15^.3 (lU, 3 H. PmocX 4.4 (q, 
J ^- 7,1 Hi. 4 HX ^.1^ (ro, 1 H, a-H), 5^ ibd, - 6»0 Hh, X H. 
NH). 7.2-7.4 (ni. 4 H), 7,5--7.6 (m. 2 H), 7.7-7.8 (m, 2 H), 
NMR f CDCla): 6 13.97. 21.74, 22.73. 24,66, 3g,69| 41.44, 47,20, 
54.37, 62.62, 66.98, 119.96, 125.11, 127,(^» 127.66, 141.29, 
143.74, 155.79, 166,06, 180,83. MS (EI. 70 ©V): mJz{*^) - 692 
(101 [M+X 178 (100). MALDl-TO? HRMS: caJcd, 545.22637 
fM + my*; ffttind, 545.2252 ?fc 0.00174. AnnL fC^Ha^NaO,) 
C,H; N: talcd, 3.36; found, 4.26. 

jiyU-3-(cthoxycarb<myl)aziridiTi-l^yl]caHiotiyl}-<S>-leii- 
Bmxyl Ester (2la) (B0C-!?1i^(EtO).,<S,S)-Aai-Lcu- 
OBzD- N-Azylatioii of 14a (1.6 mrooU 679 m^) via tbo 
Bymmotrift Aiihydridfi proeoduvA usin^f BOC-Phe gave^ after 
cohunn rbiY>rnf^tDgrap$y (pyclohexanf^cthyL acetate, 1/1, Mf » 
0.7), 21a (347 tng, 95%): xnp 50 'C; LoId"" = --)0.6'> (c 0.25. 
RtOH). IH (KBr): 3359 (hrX 1743, 1710, 14^ ctttK 'HNMR 
(CDCla): d 0.9 (t, J = 6.3 Hz, 6 H), 1.3 (t. eT = 7.3 Hz, 3 H), 1.4 
(fi. 9 H). 1 45-1.7 (m, 3 H. UuX 2.6 (d, J = 1.95 Hi, 1 H, AziX 
3.0-3.2 (m, 2 H. Hic), S J!8 (d. J = 1-95 H2. 1 H, A«), 
4,23 (TB, 2 H, OCHiX 4.45 (m, 1 H, a-H Phc), 4.6 (tn, 1 H, a-R 
Lea), 5.18 (6. 2 HX 5^6 (bd» = 8.3 Hz, 1 H, NH P^eX 6.34 
(bd. = 8.1 Hz. 1 H, NH Leu), 7.12-7.28 (m, 6 H), 7.28- 7.4 
(m, 5 H). WC NB4R (CDCU): 6 15,93 (C!HaX 21-85, 22.71 (L©n 
CHa), 24.91 (Len). 28,26 (BOCX (AsaX 40,57 CAziX 41.24 
(double peak, ^ Leu, PheX 60 Jfl (a-C IptoX 67.0 Cn-C Ph^f X 
62.63, b7.26 (OCHaX 60,01 (BOCX 136.S7, 128.22, 128.48, 
12^64, 128.66, 129.&4, 135.35, 136.73, 154.87, 164.76. lCSL7e, 
171.93, 178.95. HREIMS (70 vV): cakd, 609.3050; found, 
609.3051. Anal. CGsiHcsNiOs) C.HJN. 

cin^Btin^lEfitar (21b) (^OC-Pbe-lKtO)-CiS,^}-A7i-I'eu- 
OBzl). N-A^latio7i of 14b (1.0 mrnoi, 362 mg) via tbe 
symmetric azihydride procedure using BOOPbe gave, (xfter 
column chroiQatofirapliy (cydohexBDe/tetbyl acetate, l/i, 
0.7X 21b (429 ZQg, 70W) ae » colarlenR visconfl liquid: (ojo^'^ 
- -34.7* (c 0,36. EtOH). IR (KBrj: 3339 (brX 1742, 1498 cm-*. 
IH NMR (CDCn^: d 0.9 (d, J 6.1 Hz, 6 HX 1^8 (t, J = 7.1 
Hz. 3 H), 1.38 (fi, 9 H), 1.44-L66 (m, 3 H, LeuX 3.1- 3.26 (m, 

2 H, ^HPheX 8.35 (d, J ^ 2.3 Hz, 1 H, Ani), 3.51 (d. = 2.2 
Hz. 1 H, AziX 4^ (q, *^ 7.1 Hz. 2 HX 4.44-4.66 (in, 2 H, 
a-H Leu. PheX 4.92 (bd, J = 9.0 Hz. 1 H. NH PheX 5.16 (s, 2 
HX 6.4 (bd. ^ - 8^0 H£, 1 H, NH LeuX 7.16-7.4 Oti, 10 H). '■''C 
NMRtCIX^la): d 13,88, 21.75, 22.66. 24.76, 28.15, 38.22. 40^, 
41.19, 41,37. 50,84, 56.16. 62.50, 67,16, 80.09, 126.81. 128.16. 
126.44, 156.67, 129.48, 135.14, 136.11, 154.87, 164S3, 165.81, 
172,02, 179.26. MS (EU, 70 eV): m/z = €09 (31) M^'X 418 
(100). Anal. (Cy^B^^^O^) C,£l,N. 

.V-{(25,S5)-l'[fAr-(|eW^Buioxycfirlioii7m(^Fhexiylula- 
iiyl]-3-((sthaxyi»rftN3K]yi)aziricfin'^yl]c3orbo^^ 
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New FepiidUt Cynwm Prote^Sfr InAfbitors 

(S)'ptO}w Benzyl Eater C22a) CBO&Phe-<EtO)-(S^)-Azi- 
LeU'Pra-OBxI)* K-AeyUvlwn of l^a il^ mnkol, 68S ix\g; with 
BOC-Phfi vi^ th9 aymnxQtnc anhydride meUiud jtiave^ aSi&r 
porlficatloti 1^ flnibh chromatogmphy (i^c1nhH3e>in»^ethyl 3C< 
etate, Vl, jR^= 0.6), f>60 (53%) of 22&: mp ao "C; [afo'" - 
-46.7* (tf 0.51, EtClH. maCBr): a275(br), 1744, 1713, 1632, 
X49<J, 1456 cra-^ *H NMR <CDCI»): 0 OM Cd. r/ « Hz. 3 
H, (!^^H Lfln), 0.92 (d, J = 6.34 Hz, 3 H, I^), 1.2*1 Ct, J = 
ri Hz, 3 H), 1.35 (ft, 9 H, BOC\ 1.42-1.8 (m, 3 /f-B. y-H 
Leu), 1.85-2.1 (m, 3 H, t ^H. 2 y-K 2.1^2.3 (m, 1 H. 
^-H, Ptn), 2.94-^23 {m, 2 H, fi-H Pho), 3.35 (d, ^ 2.0 1 
II, Aad), 3,45 (d, J = 2.0 Hz, 1 H. Azi), 3.52-364 (m, I «L 
Pro), 3.66-3.80 (m, I H. d-K, Pro), 4.12-4^4 (m, 2 H, OCHa)^ 
4.4 (D5, I H. a-H Pbe). 4.59 do, i H. ci-H Pro). 4.76 (m. 1 H. 
a-H Leu), (d, ./ = 13,2 Hz, 1 H)» 5.20 (d, J = lS.2 1 
H). 6,3« (bd, J = V.ex. 1 H, NH Pho)^ 6^1 (bd, t7 = 8.7 IIz, I 
H, NH LeuX 7,2-7.4 fro. 10 H). NMR (CDClft); 13.S 
(OCHaCHa), 2161, 2S.2d (,6-C Leu>, 24,58 ij-C Pro), 24.79 (y-C 
Leu), 3S.19(BOC).2S.90f^-CPrB\ 39.$? Phe), 40.06 CAzi}, 
40.72 (Aiii), 41.57 LbuI. 46.>53 (6-C Prx)>, 43.96 fa-C L^a), 
CT.U (a-C Phftj» 58.92 (a-C Pro), 62.61 (OCHa), 66.91 (OCHr 
Ph), 79.48 <BOC). 12^67, 128.10, 128.30, 128.42, 528.62, 
129.65. 136.47 (double peak), 164.71 164.62, 165.97, 170^7, 
171.51p 179,35. MS G4H*): m/z C«^3 = 706 f 100) GVr J. AniO. 
(C38H»>MjOb> Cfi; N: catcd, 7.93; found, 7.46. 

€Sr)-ikra»ii« Benscyl Eister (2Sb) (BOC-P!he-(Et6>^CR^)^Azi- 
L0u-PM>-OB2l>. Jf^cylation of llSb (0.1(5 mmol, 69 jng) with 
BOC-Pha via th^ iiynimetri^ anhydride method gave, after 
piirifioaliDr^ hy nwjh chromatosi'sp^ (c^rclohexiinti/^ihyl ac- 
etate, 1/1» i?r = 0.7), 60 log (57%) of azb: mp 77 *C; Cafe^' ^ 
-61.4" (c 0.3, KlOH>. m (CHaCJa): 8413 <brJ> 1742, 1641. cm K 
NWIt (CDClu): <5 0.9 Cd, J ^ 6.6 Hz, 3 H). 0.96 (d, J 6.6 
. Hz. 3 H). .U26 {t, J = 7.1 Hz, 3 H). 1.38 (6, 0 H), 1.44-L76 (m, 
3 H, Leu), 1.8B-2.1 (m» 3 H, Prt), 2.1-2.3 (m, 1 ir, TVo), 3,0- 
.3-24 (m, 2 H, Phe), 3.4 (,d,J 1.96, 1 B, Azi), 3.47 Cd, 1.96 
Bz, Mi), 3.53 (m, 1 H. Pro), 3.76 im, 1 H, PkijX 4^ (q. 7.1 
Hz, 2 H>, 4,60-4.66 (m, 2 H, a-H Phis^ Pro)^ 4.74 ito, 1 H. a-H 
Un\ 5.0 (bd, e/ - 9.0 Kz, 1 HL NH Phfe), 5-09 ^d, J =*-12.2 Hx. 
1 H), 5.2 (d, J= 12.2 H;5, 1 HI. 6.7 <bd, J = 8.0 Hz, 1 K, NH), 
7.14-7,4 (iHvIC H^. ^ NMR<CDa8): 6 13.87.21.68, 23^6, 
24,65, 24.S3, 28.16, 28.89, 38.42. 41.18, 41^1, 4L42, 46.81, 
43,12, 56.2fi, 58.89, 62.50, 66.90.79.89, L^fi.S2. 128.10, 123.30, 
128.43. 128.S2, 129.66, 135.46, 136.13, 164,76. 164.88. 1SG.92, 
170.67, 171.51 179.53. HS {EI, 70 m/z (^) " 706 (46) 
rw a 206 <100), AjjoI. lC?^4oN«Ot,) C,H; N: Lidc=d, 7.93; found, 
7.40.' 

tfia7iwlNiiiyl>-(SVpheiiylii]ajQyl]AZ^ 
hkie <23a+b) CBOC-Plie-C5j$-hRJ£)-AzL-(OEt)(OBz1>. N- 
At^latioa of 13a+b (2 nucol 496 mg) with BOC-Phe via the 
f^iumjdltie unhydride prnvedure uavu, after colunm chroma- 
Cosr^phy (CyO]ohCxilnO/othyl acetate, 2/1, J^f^ 0.65) ^a-t-b 
(23a (i?.S)y23b UJ,/?) = 5/4) (860 mg. 86%) ika a yollowish 
viscous liquid: Faln*^"^ = -10.2'*^(c 0.71. EVOfB), TR (ethyl 
acetate): 3377 Chr), 1743, 1715, 3.497» 1455 em-^ ^H NME 
(CDClg): d 1.28 Ct» J = 7.1 Hi, 3 HX 1.36 and 1.38 (6, together 
9 H), 3.0-3-3 (in, 2 K, fi-B Phe), 3.3S (S,S) imd 3.49 {B,ft)fd, 
J = 2,2 together I H, CH A2X>, 3.40 (S,S) and 3.53 CR,P-) 
{d, J = 2,2 JU, tcgetbor 1 H, CH Aai), 4.22 ^q, J = 7.1 Hz, 2 
Hf, 4.5 iSJS) and 4.63 CB.R) (m, totgethftr 1 H, c-H Phe), 4.93 
<R,R) and SlI (S,S^ (bd, J = 9.0 Hz, togeU»er 1 H, NH), 5.2 (m, 
2 ii), 7.2-7.45 Cm, 10 HX "C NMR CCDCfc): c> 13.75, 28.02, 
28.06 (BOO). 3&09, 39.03, 39.61, 3S),87, .$9,93> 40.21 PhA, 
Azi)i 55,97. 56.37 ta-CPhe), 62.31. 62.36. 67.91, $7.93 (OClia)» 
79.48. 7t^.64 <B0C1, 126.57, 126.60, 128,14, 128.^ 128,30, 
128.40, 128.43, 128:48, 128.52; 128. 68, 129.48, 134.38, 134.41 
136.01 136.11 154.60, 154*75, 165.67, 165.74. 178.78. 178.99. 
MS {C3, CoHft): mh (%) = 40£i (75) [M'], 405 (100). Anal. 
(CsrHflaNiOr) G JUST. 

a2iridijie.2,3-dicarbozylate C24&) iTrGfy-Gfy-CSJS}-^' 
(OBt)> N-Acyl&tion of 10a (1.6 nuxiol, ^ mg) wilib Z-G]y- 
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Qly by tiio K«nia*aX EEI^Q Droceduvc gave after column 
OhTom^tofiifAphy (ethyl iicetcite, 5; — 0.64) S4o <320 mg, 49'SE!) 
^ a colijrleiM vifioou? li^iuid: [oGo^'' - h-15.8° {c 0.92. EtOH}. 
TRCCHaClal: 3S9.<>Cbr), 1737, 1532 cxxi-». ^H NMlt (CDCl^h 

1.2 (C, </ = 7.1 H:t, 6 3.38 fa, 2 H, .^i), 3Ui-4,08 (m, 4 H, 
Gly), 4.15 tq, J - 7.1 Hz, 4 H), 5.02 (a, 9 H), f;-79 (1^ J = 
H?., 1 H. NH», 6.95 Cbfa, 1 H, NH>, 7.25 On. 5 H): "C NMR 
(CDCU: 0 13.93, 39.72, 43.71 44.32, 62.77, 67.20, 128.0C, 
128.17, 128.50, 136.09, 126.52. 166.00, lfii9.06, 176.54, *lS(jer. 
70 cV): m/z m - 435 (26) fU^l 183 (100). MAl-DM'OF 
HEMS: ealcd, 458.1530 fM 4- NaT; found, 46P.16082 i 
O.O0637. Anal. tCfloHasNaOrO H.N; C: calcd. 55.17; ftmjul. 54.23. 

(£0-phcnylBlai]yI1aziHdi3nto-2r3-dioA^ (25a) (Z- 

Ala-Plie-C!9;9>-Azi-(OKt>3. N-A£yIatiort of Ifia (ft mmol, 935 
TXJtg) with ZS-Ala-Hie by tlic ^noml EEDQ prudcduTG j^ave, after 
column qbrpmatogrnphy (cyclohiMmiS»a/ethy] acetate, 2/1, J^ = 
0.14), j6ii (1,17 IT, 42.8^1 an a yellowish vjacoua hq[ui± ialx>^ 
= •t«.2 Of 0.82, EcOH). IR (CHaCls): 3423 (br), 1738, 1623 ctA"\ 
»H NMH (CDCli): 6 122 (d, J ^ 6.6 Hz, 3 H, AloX 128 (t, J 
= 7. 1 Hz, 6 Hi, 3.06-3.84 (m. 2 H, Pho), 3U3 Cb, 2 H. Azi). 4,18- 

4.3 (m, 5 H, a-H Ala, 2 OCH;^), 4.9-5.02 (xn, 1 H, a-H Phe). 
5.06 <d. J = 12.2 Hz, 1 H), 5.16 Cd. - 12.2 H*, 1 UX 5.26 lbs, 
1 H, NH Ala). 6,44 (bd. J = 8.7 Hz, 1 H, NM Phe), 7.16-7-4 
(tp^ 10 E). "C NMR (CDCla): 6 13.91, 13.61 37.77, 40-23, 
50.48, 54.39, 62.56, 67.02, 136.98, 128.01, 128:43. 128,43. 
129.5?, I3S.73, 136.12, 15i5.74, 165.87, 171,70, 178,46. MS(Ef, 
70 eV): m/z m - 539 (63) IM+J, 91 (100). Anal fCMH^;50H) 
C,H,N, 

Diethyl (2fi,&A>-i-i;^'(Benzytaixycai*bazKyl>*(S>-alAtiyl> 
(5>"phex]ylaIaiijl]xi2ixidszie*2,3*dJlewiioxyl2U:e' (Z5b) (Z- 
Aja-Pbc-(£>R>A2i-(OEt)9). N^A^^lotion of 10b' (3,3 nnY>ol. 
617 m^) with Z^Ala-Phe by tin? {^coend £l£DQ pmoedui^ g»v^ 
after pun6cation by colomii chrooLatoj^raphy (cycIuhexiiTie/ 
ethyl acetate, >Vl ^/ = 0.16), 26b (410 m(», 23.19?.): mp 57 ^; 
roOn*'* -33.78' (£ 1.034, EtOHX TTt (fithyt flcetate); 3325 (Br;, 
1738, 1675, 1E20, 1465 cm" ' . ^H NMB cCTOla): d 126 (d, J « 
6.6 Hz, 3 H, Ala), lJ27 Ct. *r = 7.1 llz, 6 H>, 3.0-3.35 (m, 2 H, 
Phe), 3^ (a, 2 H, AzO, 4,10-4.Z'i (m, 5 H, a-H Ala, 2 OCIHi), 
4.90- Ti-O (rts, 1 H, a-H H»o), 5.05 - 5.2 (m, 3 H, OCHs, NH Ala), 
6.6 (bd, J = 8. 1 Hz, 1 H, NH PheX 7.1-7.4 (m. 1 0 HX ^ NMR 
(CDCI3}: A 13,98, 18.16, 37.81 40.27, 60^6, 64.44» 62.6JJ, 6*M3, 
127.00, 128.17, 128.28, 128.46* 128.57, 129.54, 183.73, 136-07, 
16S.S0, lB.'i.83, 17156. 178.32, MS (ClC4Hio): nt/z (ii) = 640 
(5) [M- + IJ, 353 (1001. Anal. {Ct^Hs^aOa}: C Ji,N. 

Diethyl i2$^-t~\/^Ctsri-BuU:ayc9thQwl}AS}-ph^ 
lalimyH5Hilmiyl]azjrKdtoe-2,3-dlc^^ (£6a) (BOG- 
Pbo-Ala^,5y*AKi.(OEt>i). N-A£ylatNin of IOq (1.3 mmol, 280 
mg) Mri(;b BOC-?bt9-Ala by cbe general E£DQ mothod yielded^ 
After puHGcftlion by colnnm chromatoflrapby (cydohoxano/ 
isthyl ncetate, Jif •= 0.16), 26a (580 m^. 77?tV mp 99 *C; 
ralD*^* = -4.7** (c 0,48, EtOH). IR fethjd acetetali 3282 (hrJ. 
1734, 1446 cm-'-. NMR (CDCla)! d 1.26 ft, J = 7.1 Hz, 6 
H), 135 (8, 9 li, BOO, 1.4 (it J" - 6-6 Hz, 3 H, Ala), 2.9-3.1 
(m, 2 H, Phe), 3,4 (s, 2 H, Axi), 4.1-4.38 (m, 5 H, a-H Phe, 2 
OCH2X 4J5 (ni. I H., a-H Ala), 4.96 (hs, 1 H, NH Phe), 6.7 (bd, 
V = 7.8 IIz, 1 H, NH Ala), 7.1-7.3 Cm. 5 m NMR(GDGI^: 
6 13.98 (OCH«CHs), 17.92 {0-C Ala). 28.15 (BCK:). 39.75 ifi-O 
Phft), 40,03 (Ad), 49,23 (a-C). 49-94 (a-C). 62.56 (OCHa). 80.0 
(BOO, 126.75, 138-47, 129.35, 136.64, 166.6 (BOO). 1B5.93, 
170.34, 179,96. MS (CI CiHb): m/z {%} 506 (100) IM^l An^I. 
(CMHoaNsOft) C,H; N: calcd, 8.S1; finind, 7.43. 

<2£r,39). And t2ie,aiS)-2-Beiizyl 3-Ethyl l^l^-itcrt-Ba- 
tincyDiirfaanyl>-(S)-phcx^la]aiiy]- CS)-aluoyUsixliridxae-2,3- 
dieartMOiybite (27a+b} 0GK>C-r!hA-AIa-(S,.94-R,R)-Azi-(O£:t)- 
(OB2D). NnAieyktion of l$a+b fO.^ mmol. 100 mg) with BOG- 
Phe-Aia by th^ gmsaral &BDQ procedura gav«, a[Lin- eulmzm 
chromato^phy (cyclolic^xane/cthyJ acetate. 3/1 JZ/ - 0.13 1, 
ara+b (150 mg, 66%) (13/1); rap 115 *C; Ea)i>=^ = -11.4* (c 
0.37, EtOHX IR fethyl flcalaui}: 3305 (br), 1741 1720. 1664, 
152-1, 1600, 1455 cm'^ NMR (CDCl^): d 1.2-1.45 (m, 16 
H), 3.0-3.15 (DO, 2 H), 3.4-^3.66 Cm, 2 H), 4.15-4.3 (m, 3 H, 
ft-H Phe, OCH2), 4.55 imd 4.7 (m. together I H, a-H Ala). 4.9 
(ba, 1 H, NH Phe), 5.2 Cs, 2 JI;, 6.55 and 6.65 (bs, toffothor 1 
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H, NH Ala), 7.x -7.3 (m. JO H). ^ i^m. (CDCU); IS.^, 
18-16, 26.90, 38.21X CBOCi, 98.70, 39,99 (/T-C Fha). 40.05, 40Jg 
CAkJ). 49.51. i50.01 (a-C PhoX €2.64, 62.72 COCHt). 68,16, 6S.2D 
(CCH:,Ph), 80.0 (BOO, 126,^, 158.63, 126.$$, 128.72, 120-74, 
128.81. 129.14:. 129.37. 129.43, 134.46, 1^4,55, 156.35, LS6.44, 
156.0. 165.7&/16I5.&2, i65-ft8. 1SB.9S, 170.00. 170,^1, X79-26> 
179.90. MS (CI, C^J: m/r (%) 667 (62) 476 (100). 
MALDX-TOF HKMB: calcd. 590.247$ [M Na!'; Ibond, 
590.4464 ± 0,0010. Anal (Cs&H37NsOb) fitJSf; C: calca. 63.48; 
found, 64.16. 

N-Acylation i>f 13a *-b (1.6 nmwl 398 mg) with BOC-Leu-Gly 
•via lib*) KEDQ method after flash cbTcnintography 

((Vdohexonc/cthyl flcetato, S/i, 1?/ = 0-14). 2&i+b (1.5/^.1430 

(ethyl acotatoJ: S338 (tor;, 1741 1515, 14^ an ^ ^ 
(CDOl:,): ^ 0.9 (d, J = 6.6 fli, S H), 0.92 <d J = 6^ Hz 3 H>. 

I. 25 und 1.28 (t, J = 7.1 Hx. tog^er 3 H), 1,45 (m, 11 H, 
BOO, 5-H Tiew). 1.6-1.8 (m, X H, y-H Lcu3, 9.4^-3.56 Cm. ^ 
a AzO, 3.95-4.10 (xn, 1 H, I aJI Gly), 4.15-4.35 (m, 4 
tt-E Leu. 1 a-H Gly, OCHi), 4.9 (bs, 1 NH Uu), 5.3 (ft, 12 
H), 6.7 {bfi, 1 H, NH Gly>, 7.2-7.4 (m, 5 Hi NMR (CDClii): 
A 1SJ94, 14.08 (0CH2CIXb,\ 21.74, 22.97 (CHu LewX 24.70 Cy-C 
Lea), 28-28 (BOC), 39.63, 39^4 (Aai)» <lt^„(^i-««^ 
<a-C Gly), 63.02 (OrC Leu), 61.43, 62.73 (OCHa), 6a.3l (OCHr 
Ph). 80,0 (BOO, 126.98, 123.64. 12£L72, 123^3. 129.i2, 130.99, 
134.36, ISM (BOC), ie5,87(dcnjW» paakX 172.57, 176.46. MS 
iCI, C*H»J: ffwte = 519 423 ClOO). Anal. (CaftH^NaOa^ 
C,H: N: calcd, 8.09; found. 7.64. 

TKetbyl (2$,aS)-l-i;W«(Boii*yloxycerb<kiiyJ)glycyl-<S)- 
Qheziyhl&ttylr(^>^alanyl3azii1dine-2^'dica^^ (20a) 
<Z-G!y-Pb&^Alft^(S,S)^-(OEt)B). N-AcylaUon of lOa (0.4 
minol, 74 we) wtb. Z-Gly-Phe-Ala usirg the ganoral EEDQ 
pTo^edmv gave, after ptiriScatian by coIooiA diroTnatagniphy 
<cyclohexa7w'«thyl ac«t©w, 3/1, iZr ^ 0,1.), 4aa (XJO m^, 40%): 
mp 89 "C; = -^6.3' Iff 0.5. EtOH). IR (ethyl acetate): 

3S06 (bt), 1738, le.'Jfi, 1455 cm"^. ^ H KMR <CDCla): 3 1.0- 
1.4 im, 9 H, ^-H Ala, 2 CHa), 3-08 Cm, 2 H, jtf-H Phe), 3.45 (s, 
2 H, Aai), 8.75-4.0 (m, 2 H; Oly). 4J2 Cq, J - 7.r liz, 4 H, 
OCHa), 4.6 (m, 1 H, c-M AlnX 't-Q 1 E, a-H Phc). 5.1 (b, 2 
a OCHaPhX 5.7 Cbfl, 1 H, NH Gly), 6,75 (bd, J = 8,8 Hz, 1 H, 
NH PhcXeiB 1 H, NH Ala), 7.1^7.5 (m, 10 H). "C NMR 
fCDCls); 0 13.92 (CHjCHd>» 17.84 fCHa Ala). 3S,2-i <^C Phc). 
• 40.10 CA2i\ 44^66 (Gly), 49.41 (w^ Ala), 54.25 Co^J Phfi), 62.56 
(OCHa). 67.22. (OCH^be), 127.02, 128-08, 128^0, 123,50, 
128^, 129.29, 136.11, 136,23, 165.0> 16fi.0S^ 169.27, 170.02, 
170.36- MS (CI, CJIin); >nJz m - 696 (93) [M"|, 48S ClOOi 
AnuL (Cst^BjflNiOi) C^. 

{2S^h and (2R^)-l-rWtert-Buto«yoa(rb€>iiyl)-CS)- 
plrayLalaiiyl3-{^(atba«y«iAonyl)Budrid^ 
^Acid OOa-fb) a«X>-HifrCS^IlJR>Ast-COEt)(aH)). Cfttd^ 
li^tic hydrDgeaolyslB of 23m+1s hy the general methnd doBcribed 
abovei inwo, aftir irvcfy«talUf»tlo» from acckmitiile, 3i>aH-b 
(1A> (234 mg, 96%): mp 83 ^^C; EoId^^ = -1.0* (c 0.49, EtOH). 
m (ethyl acxjtate): 3376 Cbr), 1743^ 1720, 1497. 1465 CLcr\ 
•NMR iCDGlj): d 1.1-1.5 (m, 12 H), 8.1 tm) Dnd 3.3 (m'j 
(tngether 2 H, /S-H Ri«), 3-4*- 3.6 Cm. 2 K, AvS), 4^ Cq, J" = 7. L 
Hz. 2 W, 4.4 (m)^and 4.6 <m) (toother 1 H, a-H Pho\ 5-15 
(bd, J = 8.8 He) and 5.3 (bd, = 8.9 Hz) (togetber 1 NSl, 
.7^-7.4 (la, 5 H). 9.5 (bs. 1 H, C!OOH),"C NMR TCDCl;*): 
13.81 {CBz)r 27,98, 2a.0& (BOC), 38.31 (doable peak). 38.83, 
39.19, 39,61. 40,66 (/^C Pho, Azi}^ ^6-18 (a-C Phe), GZ17, ^-25 
(OCHa), 30.31 (B(X!), 126-64, 126.83, 128.56. 129,09, 129.19. 
129.41, 135,79, 135-93, 155.19 (doable peak). 156,14 {double* 
vctik\ 169.00 (double peek), 178.96, 179.60. MS <CI, Cl,Hio>: 
tn/z i%) ^ 463 (4) [^r -h CaJ«J. 407 (46) W + 1], 351 (100). 
Anal, fC-flHEiNaOr) H,N; C; calcd, 59.10; found, 60.30. 

Kinetic M^ftorementa, Kinotic meaauremeats ivere cai^ 
Tied out oa a Pbannaciii LKB UHrospec III photometer and 
ODQ a Perfcm-Elmar tS-SB fluwecenca spcctiXHceter. roapec- 
tively. Thfl following aaew bufTera were Tiaod: j>apaiiwXr 
BAPA,'» 50 TnM phoifphat© bufSar, pH 6.5, 5 jaM EDTA, 5 mM 
cyprteind; papaSn/X-Phe-Arg-AMC^^ and qaliiepaiA IWi-Arg- 
AMC,^ BO iiiM pboftpbato bufl^r, pH G.5, 2.5 mM EDTA, 2.5 
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mM orr. C.005% Brij 35; cathepsin B'w or catbepfiin t/Z-Phe- 
Arp-AMC,"-'^ 6C BiM citrate biiffiir. 6.0, 2.5 mM DTT, 5 
mik EDTA. 2(K) mM NaCl, O.OOBX Brij 35; calpain I or Il/Src- 
Lcu-T^AMC^ 50 mM TRI3 buiE&r. pH 7.6, ft mM CaCl«, Z.5 
jdM SDTA* 2S* ruM DTT; trypsxn/LrBAPA«!> cr dbtywiocrypaim/ 
Ac^E^tt-pNA,**" 0.1 M phosphtitc tuffier, pH V.O; ela5laae/A<^ 
Ala-Ala-Ala-pNA,*^ 0.1 M TRIS bnffisr, pH 8.0; tbermolysin/ 
FAGLA,« 0.1 M TERS buffer, pH 7,22, 10 inM Cads? pepsia/ 
Ac-Phe^^C-difodo-TyiOH,'*^ 0,22 toM bwUp actd. Aseay biiQlars 
for the inactivation of papain at diJ3feront pH vala^e were 50 
mM citrate ivr tiH 4-^6, ph<wpbate for pH S^, and txffato for 
pH 8-9. All Idoctic experimonta were dona at 25 Eu^cyme 
sol-utiniiB were prepartid fr^ifib by mcubatinff tlie eozymos iu 
tbe iTidividaal reactiun buCTars at 26 *C lot 30 roin. Substrates 
and inbibdtora waro diBBolved in DMSO, fmal concentra- 
tions at TOWiSuMmemu not boing bighej* tJian 12% SM80. 
Substrate aalutiooB Yrero prepared by diluting a Stock eolueion 

huflfci*. and inhibitar solutiojia were diluted with water. 
Subs^trato hydrolyaia in a^Roys osin^ Quorf^nii? substratea 

niocitorfld by the increasie of tluoreacenca at 46C mn 
(ircadiation at 380 ran) and in a»*ays uMng introaniiide 
aub$crates by abBorptdon increaaeat 406 am. Thcnnolyisiii was 
a^aayed by abeonption decreacto at 3*15 mn. Pepsii* was assayed 
hy abBorptitm lacreaae at S70 nm. The inactivation rates 
for diffcront inhibitor concei^tradons in the preaence of the 
subfltrate were deloriniiied according to the conlimioiiB method 
of Tian and TfloU" by jpoaitoring vh« pradtietJ relofiiflod from 
hydrolysifl of the subflttabe in the prefienre of the iahibitor aa 
a fuTiction of timo (flworeiiceaee op abflorptiiKi = A<1 - 
exp(-W)) + B) untfl complete inactlvation of the ea^yme 
(^'pi^raDy 5™60 roin), with steady-state eOAditions eBtabliahcd 
during inactAvalian time. Tbis waa done st oon6taot anzyme 
and various (3-7) inhibitor conoentraticns, reepiectively. For 
wealc inhibitors wbera complete inactivatioin longer than 
60 inixi, k^tm vahujg were determined by the dilution. aasay of 
Kitz and Wilflcn.^^ Thereby eniyme and itshibiior were inc\i- 
bated- After an incubation rima of D -$0 min (5-7 values), tte 
incubation mixture was diluted by adding RubsiratG lutid buffer 
and thu reeiduEd csnayme activity (BJ -was mtxwured. ftor* tuIucjs 

then calculated u^g the equation l£l - [Eg] «3p(- W>- 
These esperimetita wore repeated fbr 3*7 inhibitcir cortcentra- 
tiona* Fitting of the Jfcggt* valueek obtained by either continuous 
or dilution ae^ay&, against the iiihibitor concentrations to tho 
trnwrbolic equation ftai» = k^Wi"*^ + 111 ga^^ *'^<* individual 
vafuofi of Xi»ra> and hi, Thtt values were coirecfced to xero 
substrate ccmoontratlon by the term 1 + S^VKu in tho oquatioo 
Ki ^ Ki'^ftX + I Sj/iCn). The second-order rate conatantD jmi " 
kJKi TrtTB diroctly calcalatad from tho individual coflstants. 
In cases where no saturation kinetics wuro aohtoved (CU < KO 
duo to limited enlubUity of the inhibitorft or high Ki valu^ 
tho second-order nxte constants were calculated from linear 
xCffresBlon to the equation ^apiiCn wd corrected to zoro 
subBtrato cOTieantration from the nqiiatirm A And ~ ^ 
iSy^a)- vahica for tho non-tiniH-dopOod^t inhtbiCivzil of 
cathetpsia H and ealpaiae I and II wore obtained hy Diion 
plotfl^^ ufting thfr equation vo/vi ™ IH- Uitf^^"* and corrected to 
swo subatrate concentiaUon from Ki = AWCl + i&VKm\ The 
following Ki,, valufis were uAod: papwn/Z-PKa-Arff-AMC 0.09 
mU, papaiaOr-BAt^A 2.5 mM. calhopain B/Z-Pha-Arg-AMC 
0,15 mM, cathepsir. L/Z-Phc-ArgsAMC 6^6 uM, cathepsin HZH- 
Ai^-AMC 0.16 i»M» calpain I/Sut-Uu-TSr-AMC 0.4 niM, 
calpain H/Suc-Lou-T!yr^AMC 0,22 mM. ISnzyme coTToantrattona 
were: papain 0.48 mL*^ cathepsin B 0.015 fig ixxh-\ 
c^thapflin L 0.0E> /*g mlrK cathftpain H 0.082 ^ mL'\ calpain 
1 3.8 /<g mL-^ calpain U 0.04 jog mL \ ela$taBe 7.5 tuL S 
chytnooypain 0,16 nsg mL trypsin ft /(g rsiL"\ thermoJyftin 
8.9 //g ml-^" ^ papain 0.6 mg w},-K Tho IdUGrcic oonatantB were 
obtained by ntwiinear or linear regroeaion analy pir u^ing the 
program (jraFit*' 

Bialyais Elxperiinenta. Dialysif uiporiments wore carded 
out aa foilowa- Papain C0.52 mg mL'^) waa inactivated by 17a 
(0.37 mM) and 11a (0,13 n^). roepoctively (60 min iiicnhation 
time^ uach) and then aubjccicd to dialyeis (viaklng dialyoia 
tubing typo 27/33, Scrvra) againat reaction buifer (60 min* 
ewdO. No rtjcuvcry of wu^yuie activity (substrate! L-BAPA, 1-lS 
mMj was detAcced. whereas canltfll finzymee maintained 70^ 
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and activity, Tctsopcctively. Csith^posiTi I. (.0.07 /^i^mL ^ wsb 
inactivated by 28a-f-b {50 ^tii) (GO or. in injcubatitm ilmc} and 
tbcB svb>jcctcd to dialysia ag&inAt fraction bufTer nun;, JHo 
TdcoToxy ^ QoozyxDatic activity was detecfed, ti^hortuifl tho 
Ofjntrol cnaynao maii«oincd 52;% activity, 
" Stcichiametry of Isjnctlvatioii of Papain by llo* A 
papaia soludtoja (2.76 ^iM» as determmed by acdva alte titnition 
vidi E-64 Qfi doscribod in rof 55) was titrated with lla (three 
value;s, HubBtrcitt;!: Lrl^APAt LIS xiaM, pH by ad(li3>i7 
incroaj^ng amounts of the inhibitor suluUott ([U - 0»5^& ,uM- 
I.OqQ ioM) io iNipain ^olutioiZL A^bcr each AliQnic^t of 
iuhibftor was added, residual emyma activity FE] was moni" 
toi^« TKti mtenh^pt «ri£h thfrX^Alris of a plot of tHJ Vd [I] gave 
thA active fiite conct^ntr&tion; 1-1 J + 0.4 e^fliv of 1l» wna 
required to totally inactivate l equiv of papain, 

Stendard inhibitors wore 2\^-othylmakimido^^ for tbe di]u- 
tiaa Qflsey and £-64^^ for the coutmuous aasay. jneHpt^eii veJy. 

Abibraviatioiis. Asnii^n acidt aro wirfitim m th^ threo-lettf^r 
oodes and are L coikfigured. Othora: Azi (a7Krjdino-2,3-dicar' 
boxylic addX Eps tepoitytnicdmc acid), Cl-CAT-dCiv-S-Zrows- 
ca2i)OxyQi3Qr;an-2-yl)carbQnylJ-L-l8Ucy Ilaioi &o3-4-SQ!kai ditioUu- 
tano), DPSl (diphcn^i aulfmude), ISEDQ Cl-Cethoxycarbonylj* 
f!!-etha)cy-1t,2-dihydtt3i}uiiic1lQts)» DEPACdiphesiyl phoaphorazi- 
dateX ^0 (dit^lohtf^lcarhodiimide), DMAP (4*(dijrnothyl- 
aminolpyridiDc), PLHl <pig liver e^tera^), CCL {Candida 
Cylindraoeaa lipase)^ PPL (poreiaa pancreatic Upat^o), UPR 
Qipfi&e PenidUium roQuefortiih LRA (lipcu^ RfUzopus anhi- 
sm), LAK (iTpaso A^p^s^Um n^r\ BP^CK ((b«;iuEylo:i7€ar^ 
tKmyl)phaaybi3ajiyl'^laxiiiic diloiomethyl Icetona)^ BAPA (beo- 
zoylargmyl p-nitroaniUde), A^C ((ojosinomethyljcouniarin), 
pNA<27^nitiT»3ilide), Trit^ (lJi«Cb;dr«3C3anct^l>anunomotibaiio), 
FAGLA f3<2-fTiryl.1acryloy1-^ytyl-l««™e ainide)» DTT (dithio- 
threitalj, EDTA (ethylenodniitri] a tetrs acetic acid), Sue (8«o- 
einyl>, 
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4.3S (q, J* == 7.1 R*, 31> (togethw ? H), fi.2 (a. 3l.)«tid 5.3 U, 33J 
(tDgBthw 2 H), 5.59 ifi, aS) and 5^1 (a. ai> (rogoUaer 1 tt>» 

2 H). 7.3-7.46 (m, 6 H)l ^^C NMR (CUOj): d 14.23 (31), 
14 G3 (38) CCH;J, 59.7fi f32), Si.<J$ (81) (OClii), S6,63 (ai>, <JS JSC 
'83) COCHaPhX 86.81 f31), 88,45 (32> tHC=0. 128.25, lftS.4I, 

12B.7B, 12»^ 128-93, l»5.1l», 138.82, 146.39 
147,03 (31) (HC=^, 163.90 (SIX 163^ <32), 169^36 (SIX 170.05 
(m Anal. (CuiHiflNOj C^UM. Aaw^nmisnt of NMH sogaals wna 
iianiL^l wt by INEFT lanff-rt4»ge NMR apocirosoopy. 

<71 3 A Aand == 149 i l9 M"' 4»in ' * wM feund for inhibition of pupoin 
by iV-Btliyimal«il»ld« (Andwwn, B.; Vaaini, K. fiiac^OTiirtjy 
1870, 9, 224a-38»2: ft*..* = lOZ M ' min'^X 

(72) A Jlt^d = A A i. 0.5 y 10' M"^ imn-i woo fbund Tor ialubitian of 
papain hy'R'fi4(wfl.- 2J1-3.6.H 10? M"^ mln-i;. „ „ 

(73) Tlic foUmHng oquAtku WiW xwed--*- A5>i! flimit x lO"^ " eJf-i^V 
(lOtW-i*-j -pW + 30t»»- p*ii' + IX Ihttfbllioiwirtff vahius were ^aand 
<^ 11a: pKai =i 4Ji -fc 0.2, pBT^ = :& CJ2, limit™ 6043 M' ' 

(7d) Doiniitb, H. Reooit dcvulOpMWntg in fi*ibillng cysteicB itnd 
4^^T^rtc protonfiea. J- Enty»ie Inhib, 1990, 3, 249* -27fl. 

(76) Ho, T.-L. 'Hie liard »oft aoda baees (HSAB^ pnnqipilo Mvi (w^pmic 
cboTniatry. iJft*»L. Hot, 1975, 75, 1-20. 

t7€) Strtjcnsrefl have bnan miniafciiod uaiiig th<> SSy&tematlc 9is»irth 
prrtif(ynTn fmm Sybyl 6.4 fTrSpos Araoci«tttW Inc., St IauU, MO, 
1997). finergy ratcimiiatioci: Tripoa fl>«fi field, convvrgence 
criterloo 0.001 krtU moL"** Tho snpcipottlto baa booh pcrfbrmed 
otanfT tliD prOjfTftiJi Mnhilit frmn Stybyl 6.4. 

f77) The dudtin^ ^ Ma into the acLiro fjitd of papain baa been 
perrormad uaiaff profiirain FlCTiDodK rrpm the ^byL 6.4 
Einpo^ar Modnla (Trlpoa Associatce Inc.. St lidula, MOX 
Energy mlflimlaalifln: TVipo» fOrce field, GaatdfifOt-Hueekel 
cbargBa on lifiiand. Kbllmann dioiKce on protain. As FlcdDock 
po(^ o jvguiuof 0.4 am acmuxd thfl amino adds CyaZ&p T>r«7, 
Pn?6S, Trp69. Vdll33, Va1i-S7, Hifll59, Ala^ and Phc207 of 
papain haa ijievn deifined The atnictare of pajuimhaa Wn taken 
bum tha BtooJUiaTcn Frotdn DaLibuuk (eoixy lpe6). 
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